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Summary 

Three separate experiments were 
performed using full-coincidence three- 
component laser velocimeter (LV) 
systems. The experiments provide a 
database that can be used to verify 
computational fluid dynamic (CFD) 
methods used to predict the heating and 
cooling requirements in automobile air 
handling systems. The flow fields in the 
engine compartment while the engine 
was running, the air-conditioning duct, 
and the vehicle interior were measured. 

Introduction 

The design of a modern 
automotive air handling system is a 
complex task. The system is required to 
bring the interior of the vehicle to a 
comfortable level in as short a time as 
possible. This is made difficult by the 
divergent requirement of operating a 
vehicle in either arctic or tropical 
climates and the subjective nature of 
human physical response to comfort 
level. A goal of the automotive industry 
is to predict the interior climate of an 
automobile or other vehicle using 
advanced computational fluid dynamic 
(CFD) methods. The development of 
these advanced prediction tools will 
enable better selection of engine and 
accessory components. The goal of this 
investigation was to provide accurate 
flow field velocity data to compare with 


the state-of-the-art prediction methods 
used by the automotive industry. These 
interior climate prediction methods also 
have applications to military vehicles. 

To accomplish this task three 
separate experiments were performed. 
The first was a laboratory setup where 
laser velocimeter (LV) flow field 
measurements were made in the 
heating and air conditioning unit of a 
Ford Windstar. The second involved 
flow field measurements in the engine 
compartment of a Ford Explorer, with 
the engine running at idle. The third 
mapped the flow field exiting the center 
dashboard panel vent inside the 
Explorer, while the circulating fan 
operated at 14 volts. All three 
experiments utilized full-coincidence 
three-component LV systems. This 
enabled the mean and fluctuating 
velocities to be measured along with the 
Reynolds stress terms. The LV system 
is one of the few instruments capable of 
obtaining velocity measurements in flow 
fields with reverse flows, large shear 
gradients and velocity fluctuations. 

Symbols and Abbreviations 

Values are given in the 
International System of Units (SI) often 
with equivalent values given in U.S. 
Customary Units. 

S t Stokes number 
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X 

distance in the streamwise 
direction, m 

z 

distance in the vertical 
direction, m 

Y 

distance in the transverse 
or lateral direction, m 

U 

instantaneous velocity in 
the streamwise, direction, 
m/sec 

U 

mean velocity in the 
streamwise, direction, 
m/sec 

V 

instantaneous velocity in 
the vertical direction, 
m/sec 

V 

mean velocity in the 
vertical direction, m/sec 

w 

instantaneous velocity in 
the transverse or lateral 
direction, m/sec 

w 

mean velocity in the 
transverse or lateral 
direction, m/sec 

p 

density 

U\ V’, W’ 

velocity fluctuations, m/sec 

U’V'V'W 1 , 

U’W' Reynolds shear 

stresses, m/sec 

a or std 

standard deviation 

sqrt 

square root 

X 

input sequence 


n 

number of elements in x 

i 

increment 

p or mean 

sum { x [ i ] } / n 

Kurtosis 

4th moment about mean 

Skew 

3rd moment about mean 

m 

meters 

sec 

seconds 

Hz 

Hertz or cycles/sec 

MHz 

10 6 Hertz 

Vel 

Velocity, m/sec 

X 

Wavelength of Laser 
beam, m 

9 

crossbeam angle, degrees 

Fd 

Frequency of Doppler 
burst, Hz 

Fb 

Effective Bragg frequency, 
Hz 

Subscripts: 

P 

particle 

i 

increment 


Superscripts: 

fluctuating quantity 

A rise to the nth power 

mean quantity 

Description of Experiments 

Air Conditioning Duct 
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Duct Assembly 

The heating and air conditioning 
duct assembly of a Ford Windstar was 
mounted upside down to provide optical 
access. A sketch of the duct assembly 
in the upright position is shown in figure 
1. The re-circulation doors were 
replaced by 3/32-inch thick glass 
windows shown in figure 2. Glass 
windows were also installed down- 
stream of the fan where the fan speed 
voltage dropping resistors are normally 
mounted. This provided the required 
optical access for the LV measurements 
at the fan inlet and exit. The climate 
control values were set for defrost and 
measurements were made with and 
without the fresh air duct assembly 
attached. Three different speed settings 
were investigated by operating the fan 
voltage settings of 6, 12, and 14volts. 
The fan speed was measured with a 
General Radio Co. Strobotac type 1531 
at voltage settings from 4 to 15 volts in 
1 volt steps with and without the fresh 
air duct attached. A fan speed 
calibration was obtained by curve fitting 
the results as shown in figure 3. 

Laser Velocimeter System: 

The LV system was an 
orthogonal crossed-fringe configuration 
with the receive optics mounted 90° off- 
axis. The 514.5, 496.5, and 476.5 
nanometer wavelengths from an Argon- 
Ion laser were used to measure the 
lateral (V), vertical (W), and streamwise 
(U) velocity components respectively. 
The scattered light from the U, V 
components was received by the w 
optics package and the scattered light 
from the W component was received by 
the U, V optics package (figure 4). 
Bragg cells were used to provide 


directional measurement capability in all 
three velocity components. Both optics 
packages used 500-mm focal length 
lenses, which along with an input beam 
diameter of 1.5-mm and beam 
expansion of 2.27, generated a sample 
volume calculated to be approximately 
90 to 100-pm in diameter and spherical 
in shape. The optics and laser moved 
as a unit on a traversing system that 
provided 1 meter of travel, with 10-pm 
resolution in all three axes. A detailed 
description of an LV system of similar 
design is provided in reference 1 . 
Figure 5 is a photograph of the LV 
system and ductwork installed in the 
laboratory. 

The inlet air to the duck work was 
seeded with monodisperse 0.86-pm 
polystyrene latex microspheres. The 
seed particles were suspended in 100- 
proof alcohol and sprayed into a 
channeling duct that vents at the fresh 
air inlet duct. The use of the channeling 
duct allowed the alcohol to evaporate 
leaving the seed particles to be 
ingested into the fresh air inlet. The 
particles were fabricated at NASA 
Langley using the technique described 
by Nichols in reference 2. 

The ability of a particle to track 
the streamlines in the flow field, and 
thus the ultimate accuracy of the LV, is 
related to the size of the particle. 
Theoretical predictions of particle 
trajectories in swirling flows were 
reported by Dring and Suo in reference 
3. They concluded that the particle 
trajectory in a free vortex swirling flow is 
governed by the Stokes number (S,) and 
when the Stokes number is less than 
0.01, the particle will follow the circular 
streamlines of a free vortex. The 0.86- 
pm particles used in this test, have a 
density p p = 1 .04996 g/cm 3 and a Stokes 
number less than 0.01 and will yield a 
tracking fidelity sufficient to follow the 
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streamlines of the flows at the 
measurement locations in this test. 

The LV data acquisition system 
software for this test was written in 
Labview so that it could be run on 
multiple platforms including Macintosh, 
IBM PC’s or compatibles, and HP RISC 
workstations. For this series of tests a 
486 PC was used. The acquisition 
system is highly automated and can 
obtain velocity measurements in either 
an automated, step, or manual mode. In 
the automated mode of operation, the 
system can survey an entire cross flow 
plane in a completely automated 
fashion, based on a previously 
generated file of grid coordinates. In the 
step mode of operation, the position of 
the sample volume is read from the grid 
file, but the system pauses at the new 
location until an acquire data command 
is input from the keyboard. This mode is 
typically used when measuring 
velocities in difficult regions where the 
instrumentation must be checked to 
verify the processing of valid signals. 
The manual mode allows the operator to 
manually input the desired X,Y,Z 
locations, acquire the data, and then 
store the data if desired. 

The light scattered from the 
particles passing through the sample 
volume is collected by the receiving 
optics and imaged onto the photo- 
detectors, which convert it to electrical 
signals. The signals from the photo- 
detectors are input to the LV signal 
processors where the frequency of the 
light scattered from the particles is 
determined and the signals verified. 
Macrodyne Frequency Domain 
Processors (FDPs) were used for the 
Fan-inlet case, and Macrodyne burst 
counters for the Fan-outlet case. A 
calibration of the signal processors was 
reported in reference 4. The data are 
then transferred to the Laser 


Velocimeter Autocovariance Buffer 
Interface (LVABI) for temporary storage 
during the acquisition cycle. The LVABI 
is described in detail in reference 5. 
Each velocity channel has a companion 
interarrival time channel that measures 
the time between successive velocity 
measurements. The LVABI provides a 
maximum of 64K words of storage per 
channel and can set the coincidence 
parameters. The actual buffer size is 
programmable from 1 to 64K and for this 
test it was set to 1,000 full coincidence 
measurements. When the desired 
number of measurements was acquired, 
or the acquisition time (typically two 
minutes for this test) had elapsed, the 
acquired velocity and interarrival time 
data for each velocity component was 
transferred to the host computer via a 
IEEE bus to the PC for on-line 
processing and storage. 

The computer converts the 
frequency measurements to velocity 
and performs any necessary coordinate 
transformations. The statistical 
moments of the velocity samples are 
calculated on-line and include the 
mean, standard deviation, kurtosis, and 
skew. The Reynolds stresses or cross- 
product terms such as U’V’, V’W’, and 
U’W’ are calculated off-line and stored. 
The on-line data was displayed as 
histograms of each velocity component 
and as a color velocity vector map. The 
color velocity vector map uses the mean 
values of the vertical (W) and 
transverse (V) components to determine 
the length and direction of the vector 
and the streamwise (U) for the color of 
the vector. The vectors are drawn as 
color arrows scaled to and with the 
origin at the Y, Z coordinates. All data 
both raw and processed are stored on 
disk in binary, data-log and ASCII 
spreadsheet. 
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Engine Compartment 

Test Setup: 

A 1994 Ford Explorer was placed 
in an air conditioned laboratory and 
operated at idle with the engine exhaust 
vented to the outside. The hood was 
modified to include two glass windows 
to provide optical access for the LV 
system to make velocity surveys in the 
engine compartment. A computer 
rendering of the Explorer with the hood 
modification is shown in figure 6. 

Laser Velocimeter System 

The three component orthogonal 
LV system used in the duct test was 
modified to incorporate fiber optic 
linking of the transmit optics. The optics 
were rotated 45° about the Y-axis in the 
X plane, with the receiver optics 
combined into one package and 
mounted on the vertical at 45° to each 
transmit package. A drawing of the 
optical configuration is shown in figure 
7. This optical configuration allowed the 
LV optics to be mounted on a rail 
cantilevered off the scan system and 
over the hood of the Explorer as shown 
in figure 8. The configuration also 
allowed the LV optics to image through 
a single window as shown in figure 9. 
Due to the continuous sloping of the 
glass window relative to the LV optics, 
the optics were aligned through the 
glass and optical parameters, such as 
cross beam angle, were measured after 
passage through the window. The 
sample volume was calculated to have 
an effective diameter of approximately 
180 microns. The rest of the system was 
essentially the same with burst counters 
used as the LV signal processors. 


The optics are set at 45°, (45° between 
the V and W components) therefore, the 
rotation angle “b” in the software is set 
at 45 degrees. This transforms the data 
back to the standard coordinate system 
before the data is reduced and plotted. 
The system is aligned such that -X,-U is 
toward the front of car and +X,+U is 
toward the rear of the car. The -V,-Y 
axis is toward the drivers side and 
+V,+Y is toward the passenger side. 
The +W,+Z axis is up and -W,-Z is 
down. The scan system and optics were 
leveled to ±0.1 minutes with a 
clinometer. 

The seed material was 0.95-pm 
monodisperse polystyrene latex 
suspended in 100 proof alcohol. It was 
sprayed in front of the Explorer and 
allowed to be drawn into the engine 
compartment by the radiator fan. The 
radiator and fan were cleaned between 
each survey to prevent any build up of 
seed material. 

Interior Compartment 

Test Setup 

The objective was to obtain 
velocity data in cross-flow planes 
ranging from the exit of the center panel 
vent to the front seat back. The 
environmental flow control was set to 
the panel position, which directs most of 
the flow to the four vents in the dash. All 
four vents were aligned to blow straight 
and level towards the rear of the 
vehicle. A DC power supply was used to 
power the circulation fan at 14volts. An 
air scoop was assembled over the fresh 
air intake on the hood to direct the seed 
particles to the intake. It was sized large 
enough that it would not restrict the 
airflow in the fresh air intake. The rear 
window on the driver’s side was lowered 
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one inch to allow access for the LV 
system cabling. The window was then 
sealed with duct seal and tape. The rear 
seats were in the down or stowed 
position. 

Laser Velocimeter System 

A special LV system was 
constructed to make the velocity 
surveys in the small confines of the 
vehicle interior. Two 25-mm diameter 
fiber optic probes were mounted in a 
90°-90° orthogonal configuration. The 
focal length was set to 200 mm and the 
same wavelengths and Bragg settings 
of the other LV systems were used. The 
scattered light from the U, W probe was 
received by the V probe and the 
scattered light from the V probe was 
received by the U, W probe. This 
arrangement generated an effective 
spherical sample volume of 
approximately 180 microns in diameter. 
Again, the data was taken in a full 
coincidence mode using the same 
computer and software as the previous 
tests. 

The probes were mounted on a 
small scan system constructed by using 
three linear slides mounted in an X,Y,Z 
configuration. The stepper motor driven 
slides were capable of 15 -cm travel with 
±1 -micron resolution. An extra rail was 
added that allowed the probes to be 
manually repositioned along the X-axis 
thus increasing the X axis range. The 
system is aligned such that -X,-U is 
toward the front of car and +X,+U is 
toward the rear of the car equal 
distance from the sides. The -V,-Y axis 
is toward the drivers side and +V,+Y is 
toward the passenger side. The +W,+Z 
axis is up and -W,-Z is down. The scan 
system and optics were leveled to ±0.1 
minutes with a clinometer. A photograph 


of the probes and scan system installed 
in the Explorer is shown in figure 10. 

The seed material was 0.9 to 1.1- 
fim monodisperse polystyrene latex 
suspended in 100 proof alcohol. It was 
sprayed in front of the vehicle and 
allowed to be drawn into the fresh air 
intake through the air scoop by the 
circulation fan. The fan was removed 
and cleaned and the condenser coils 
blown out by an air gun between each 
cross flow plane to prevent any build up 
of seed material. 

Processing and Errors 

General Errors 

The LV system is a highly 
accurate measurement system, but like 
any system it does have error sources. 
These include optical errors, electronic 
signal processing uncertainties, 
statistical errors, and the ability of the 
seed particles to follow the flow. These 
error sources have been addressed in 
numerous publications over the years. 
References 1, 3, 4, 6, 7 and 8 address 
similar systems or early versions of the 
systems used for these tests. 

Major optical geometrical errors: 

Positioning uncertainty, beam 
orientation, crossbeam angle, non- 
parallelism of fringes are the major 
optical errors. 

The laser beams were collimated 
so that they focused at the sample 
volume making any errors from non- 
parallelism of fringes insignificant. The 
use of the described orthogonal 
configurations makes it easy to locate 
the center of the sample volume to 
50pm or better. The scan system can 
position the sample volume to ±1 0pm or 
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better. With velocity gradients of less 
than 2m/sec/cm and a sample volume of 
180pm or less the velocity uncertainties 
are less than the velocity resolution of 
the system and are not significant. The 
largest errors are in measuring the 
angle geometry of the laser beams. The 
focal length is measured over a 4 to 5m 
range and the beam centers located to 
within ±0.5mm. This results in a bias 
error of about ±0.5 percent in the 
velocity measurements. 


Major Processor errors: 


The major processor errors are clock 
synchronization, quantization, and 
electronic noise. All of these errors and 
the effects of noise on the performance 
of the processors are measured in the 
processor calibrations in Reference 4. 
All three systems used an effective 
Bragg shift of 5MHz. The maximum 
input frequency to the processors was 
10MHz and the minimum was 0.2MHz. 
The percent error in frequency 
(Reference 4) for the counters at this 
frequency range is about 0.15 percent. 
Multiplying this times the velocity from 
the standard LV equation (1) using a 
nominal 5MHz and a cross beam angle 
of 5.6 degrees yields a counter 
resolution of 0.0383M/sec. 


A(Fd ± Fb) 
2Sin 6/2 


(1) 


This compares to 0.031 9M/sec using 
the least significant bit resolution of the 
counter. The percent deviation of the 
counters from reference 4 at this 
frequency range is about 0.65 percent. 
This yields a minimum measurable 
value of standard deviation of 
0.166M/sec. 


The seed-induced errors are 
particle lag, velocity bias, flow distortion 
from seed injection, and Bragg bias. 
Care was taken not to distort the inlet 
flows and only one measurement per 
burst was made thus eliminating Bragg 
bias. The Stokes number for the 
particles used in these tests is less than 
0.01 which will follow velocity gradients 
of more than lOOm/sec/cm to better 
than 1 percent. The low velocity 
gradients (<2m/sec/cm) and densely 
seeded in-trained flows should preclude 
any velocity bias. This allows the 
statistics to be calculated on the original 
ensembles. 

Statistical errors: 

The statistical uncertainties have 
been calculated on each measurement 
ensemble at each measurement point. 
The uncertainty in the mean may be 
calculated by equation (2) and the 
uncertainty in the standard deviation by 
equation (3) (reference 6). 

2a 

Ap=±-^ (2) 

Aa = +cV27n (l + E/2)^(3) 
Where: 

a = standard deviation 

p = mean 

n = number of measurements 

E = excess (or kurtosis - 3) 

The number of measurements in each 
ensemble was generally 1000 before 
processing. 

General Processing 


Seed-induced errors: 


The data was taken with and 
later post processed with software 
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written in Labview, an object oriented 
software language from National 
Instruments. A post-processing program 
was written that has several key 
features. First, it reads from the data log 
files the instantaneous U, V, and W 
velocity data ensembles along with the 
interarrival times. It displays the input U, 
V, W velocity data as histograms along 
with the mean and standard deviation 
values for each. Then the program runs 
a special clip routine that removed 
outliers based on the number of 
standard deviations selected. For these 
tests ±3 standard deviations were used. 
If a data point is clipped from one 
histogram then the corresponding point 
is removed from the other two 
histograms and its interarrival time is 
summed with the previous time thus 
preserving coincidence and timing 
information. The resultant data is 
displayed in three new histograms for 
comparison. The statistics are than 
calculated using Labview software 
routines and stored in a new ASCII 
spread sheet file. The statistics 
calculated for U, V, and W are mean, 
standard deviation, kurtosis, skew, and 
the Reynolds stress terms U’V’, V’W’, 
and U’W’. The mean data is displayed 
as a color vector plot and the processed 
data ensembles are stored in a new 
data log file. The following formulas are 
used by Labview to compute the 
statistics. 

Standard deviation and mean 
1 2 

°> = y-Z(Xi-(x) (4) 


i 


n-1 


ILtx = — ^ Xi 

n to 


( 5 ) 


Kurtosis and Skew 

m _ 

a X m th - order moment 


a 


n - 1 



' (x,-p) 2 

i = 0 


Reynolds shear stress 


U'V 


Z u ,v, 


1=0 


n 


-UV 


( 6 ) 


(7) 


Discussion of Results 

Air-conditioning Duct 

The objective of this test was to 
obtain velocity surveys in front of and 
behind the fan at several operating 
conditions. A survey plane 35 mm in 
front of the fan with a 0,0,0 location at 
80 mm upstream of the fan spindle was 
established (Fig. 2). Typically 242 
locations were surveyed in the Y,Z 
plane. The grid had 1 cm spacing above 
the 0,0,0 location and 25 mm spacing 
below. The higher resolution was used 
to better identify a swirl at the bottom of 
the fan inlet as mounted for this test. 
The duct assembly was mounted upside 
down to allow easier optical access and 
all data is shown in this upside down 
orientation. A second survey plane was 
established 13.5cm down-stream of the 
fan spindle with the 0,0,0 location 55 
mm from the inside of the fan inlet and 
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16 mm above the center of the fan as 
mounted. Surveys were done at fan 
settings of 6 volts, 12 volts, and 14 volts 
with and without the fresh air duct 
attached. Examples of data at the 14 
volt setting with the fresh air duct 
attached are shown in figure 1 1 (fan 
inlet), figure 12 (fan inlet below 0,0,0 
location) and figure 13 (fan exit). These 
are color contour plots of U mean with 
velocity vectors of V mean and W mean. 
The origin of the vectors is the Y, Z 
location where the data was taken and 
the length and direction is the resultant 
magnitude. The inlet data in figures 11 
and 12 shows a rather large V or lateral 
component probably due to the lack of 
any type of flow straighteners in the 
inlet duct. This along with an off center 
mounting of the fan might be 
contributing to the swirl. The outlet data 
shows the flow expanding into the 
asymmetrical duct leading to the 
evaporator core. 

Engine Compartment 

The 0,0,0 position location 
(X,Y,Z) for this test was established as 
the corner of the radiator flange on the 
driver’s side. A notch was filed to 
establish a reference point (Fig. 14). 
Nine velocity surveys were measured 
on the driver’s side of the engine in 
vertical planes every 5-cm starting at 9- 
cm from the reference point to 49-cm 
from the reference point. An extra plane 
was taken at 8.7-cm and another down 
in front of the fan at 10-cm for a total of 
eleven surveys. It should be noted that 
the engine is mounted 5° off level with 
the back lower than the front. 

Examples of the data taken 
(contour plots of U mean with velocity 
vectors of V,W means) at the 9-cm 
position (Fig. 15) and in front of the fan 
(Fig. 16) are shown. The survey grid has 


a triangular shape because of the 
orientation of the optics and the single 
window access. Missing data points are 
due to optical masking by engine 
components. The data rate usually 1 000 
coincidence measurements in 1.5 
minutes dropped to 500 measurements 
in 5 minutes in some locations near the 
fire wall due to the difficulty in getting 
seed into the stalled flow areas of the 
engine compartment. The 9-cm location 
is between the radiator and the 
compressor. The data in figure 15 
shows the blockage of the flow by the 
compressor and the flow exiting towards 
the wheel well. The bottom right hand 
side of the fan data in figure 16 shows 
the effect of getting very close (< 1 mm) 
to the idler pulley (not shown in 
rendering) due to the 5° tilt of the 
engine relative to the vertical scan. 


Interior Compartment 

Velocity surveys were made 
every 3-cm along the X axis starting at 
3.5-cm from the center dash board vent 
to 21 .5-cm from the vent, thereafter 
every 9-cm with the last survey at 66.5- 
cm from the vent. The 0,0,0 position 
was located at the bottom left corner of 
the center vent as viewed looking from 
the back to the front of the vehicle. 
Typically, 180 point grids in the vertical 
plane with measurements every 1-cm 
were surveyed. The grid ranged from 7- 
cm above to 4-cm below the 0,0,0 
location and 3-cm to the left (driver’s 
side) and 11 -cm to the right (passenger 
side). The 2-cm overhang of the padded 
dash prevented any measurement 
closer than 3.5-cm without clipping a 
beam. LV Contour plots of U mean with 
velocity vectors of V and W means 
taken at the 6.5-cm and 21 .5-cm 
locations along the X axis are shown in 
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figures 17 and 18. Color contour plots 
of the Reynolds stress terms U’V’ and 
U’W’ at the 6.5-cm and 21 .5-cm 
locations are shown in figures 19, 20, 
21, and 22. The data indicates that a 
vortex has formed on the bottom left 
hand side probably due to the fact that 
the ducting has to go up and than turns 
90° and vents out inducing a swirl. To 
better visualize this, the U mean, V 
mean and W mean data at the 3.5-cm 
location is plotted in a 3D color contour 
format in figure 23. For an overall view 
of the flow from the vent, the data from 
all the X locations are plotted in figures 
24 (U means), 25 (V means), and 26 (W 
means). The data indicates that the 
maximum velocity value for the cross 
plane peaks at 9.5-cm from the vent. 
The scan system configurations were 
checked to verify that the scan or optical 
mounts at this X location did not block 
another vent. At this stage of the data 
analysis it is speculated that flow from 
the interior of the vehicle is being 
entrained by the vortical flow of the 
measured vent. 

Concluding Remarks 

Three different LV tests were 
conducted that should be useful to 
those studying the flow patterns of 
heating and air conditioning systems 
and engine compartments of cars. The 
LV tests provide highly accurate 
comparison data for other techniques 
such as CFD modeling. Descriptions of 
the test setups and examples of the 
data attained have been presented. In 
addition an appendix is included. The 
appendix is a print out of the processed 
spreadsheet files from all three tests 
minus the kurtosis and skew data. 

The data both raw and processed 
along with computer renderings of the 
setups and Labview programs capable 


of processing and displaying the data 
were supplied to the Ford group on CD- 
ROM. 
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Figure 1 . Drawing of Windstar Heating and air-conditioning unit. 
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Figure 3. Plot of fan speed calibration, voltage vs. RPM with and without 
fresh air duct. 
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Figure 4. Dr 
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Figure 5. Photograph of LV setup in lab to measure flow in the Windstar 
ducting. 
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Figure 6. Computer rendering of Ford Explorer showing glass inserts in hood. 
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Figure 7. Drawing of 3-component LV optics used in engine compartment 
tests. 
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I I 


component LV system setup for laser beams from LV system in 

measurements in the engine Explorer engine compartment, 

compartment. 
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Figure 10 - Photograph of 3-component LV system installed inside Explorer. 
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Figure 1 1 . Contour plot of U mean with velocity vector plot of V,W means at 
35mm upstream of fan inlet with fresh air duct attached and 14 volts applied. 
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Figure 12 . Plot of data below 0,0,0 location from figure 1 1 . 
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Figure 14 . Photograph showing the 0,0,0 position location on the ridge on top 
of the radiator. 
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Figure 1 5- Contour plot of U mean and velocity vectors of V, W means at 
the 9 cm location in the engine compartment. 
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Figure 1 6. Computer rendering of radiator fan with velocity vector data 
overlaid. 
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Figure 1 7- Contour plot of U mean with velocity vectors of W,V means at 6.5 cm 
from vent inside Explorer. 
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Figure 1 8 - Contour plot of U mean with velocity vectors of W,V means at 21 .5 cm 
from vent inside Explorer. 
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Figure 1 9. Contour plot of U"V* Reynolds stress terms at 6.5 cm from vent inside 
Explorer. 
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Figure 20- Contour plot of U’V’ Reynolds stress terms at 21 .5 cm from vent inside 
Explorer. 
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Figure 22. Contour plot of U’W’ Reynolds stress terms at 21 .5 cm from vent inside 
Explorer. 
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Contour plots of U mean velocities from 3.5cm to 66.5cm from Explorer center vent. 
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Figure 25. Contour plots of V mean velocities from 3.5cm to 66.5cm from 

Explorer center vent. 













Figure 26. Contour plots of W mean velocities from 3.5cm to 66.5cm from 

Explorer center vent. 



























s S i i ® ^ ^ 

$ 05 < 8 Sc 0 ^ 5 ^LoS 

■ PrrrCNcvj^ 

3 OOOOOOOOOOO 


’-^So) c 2j2Cr I s * 

T-T-CDrjNNCOl/JifT- 



• iSBlsi&sssaHSS^sssgpSfcSSBSllBsS 
g 8 § 5 ?g}^as«a^|ggi^?isgg 5 §ip§l§ 
> 96 ?? 9999999 ?ddd?? 9 ? 9 ?d? 9 dd 9 ddd 


> 

3 


85 ^ 8 S§!S ! 8 8 S 8 feB !”588 

0 ^ 099990900^0 


N CD O) r- CO N 

t n in n n 00 
CO CO h- k ^ h- 
o in w w in n 1 , _. 

. . , - _, r; r; t- P 5 rt CO ft C\i CM 1 

999999999999999 ^ 


Cfl 

0 ) 


“O 
< / > 



8?8F:&fc 

" CO ^ ■ 

Csl CO 



§ 8 SS^ 


8§g§!: 


lOh-CVJCOlD't-CDCb 
~ ~ ~ CM CO CM CO 


X 

•a 

c 

o 

a 

a 

< 


(0 

CO 

a> 

I- 

0 ) 

"O 

CO 

c 

"O 

c 

CO 

vs 

0 

c 

w 

c 

LU 

o 

Q 

1 _ 

o 

C 0 

CO 

o 

■o 

0 

CO 

0 ) 

0 

o 

o 

L. 

CL 

H- 

o 

o> 

c 


o 

a) 

0 ) 


C CM 

— 

0 

C /3 

0 

C 

w 

O CM 

V-» 

CO 

2 

’> 

c 

a) 

a 

OT 

E 

T 3 

V- 

1 — 

0 

CO 


"a 

</) 

c 

0 


E ^ ^ 
” w w 

"S to 

s 


o 

c 


■5 .t: ^ u 

co w 35 >» 

.£: o d) 0 

-J CL ^ DC 


o 

3 

Q 

U) 

c 

c 

o 

•M 

c 

o 

o 

4 

c 

■H 

CO 

0 ) 


CO 

4 -» 

0 ) 

"C 

c 


CO 
■*— 1 ' 
CO 
"D 

"a 

<D 

0 

0 

CD 

o 

. E 

to °- 
a> ^_r 

»- § 

o -a 

3 u_ 

Q co 
co -g 

CO a> 
TJ 4 = 
.E o 

o £ 

• 5 

LL CO 

-#-» +_T 

S i. 

(O “ 


"D 

CO 

a) 


c 

CO 

LL 


Q_ 0 

CO 

(0 '.Z 3 
-*-> 43 

CO CD 

Q CO 


c 

CO 

Cl) 


TJ 

(0 

> 


c 

co 

a) 


"O 

W 

D 


c 

CO 

CD 


C /3 

O 

Q_ 

N 


C /3 

o 

CL 

> 


C /3 

o 

a. 

x 


2 

D 

CO 


in 0 co n 

C\| LO 0) C\j 

^ t- ^ CM CM CM CM t-^ 


Oi N CD 

I S 8 ^ v , 

in in w w n 
CO O 00 00 co 



cn t- 1 

N- CD 1 




nH! 


^COp-^-COCM 

N$Cj^intN®(OCM 
CTjoti— OCMCOLoSaDCJ 


>«(O^NCbCO^ffi 
^^®QOgjJc\| 


■ s * 8tS8 

CO t d CM 1 - N 

1 10 4 * — “ 



ifflNQ 
1 CO O) O 


r-i-i“T-T-c\jcgcMC\jnjo 



$5 i E s § i 5 gs § 5 § » § R I s R R a I fe R I 8 : 

cMT-co 99 Ncp^cq^-;qc\i 22 ^cocoooco(o^co^-cocvjT--co^- 

I'M iM Al m Al Ai A 1 a 1 V . <A oi ^ * J _ ■ 


> 999999999999 7 * 00999999999999^^0 


$C €Cl ^,„ <£) P c 5 £ yJ iQ£! f ' 5 CSJ ? 5 ,,- S 2 c 'Ja>cpo>Ni 0 c\j 0 >’ 3 ' cm *<t cm I s - o> 

SSS 3 ?^Ml l ij 2 :®S®ri:®t;!! 5 N« 5 io 3 r 5 ” 


cnN(ficOflq®qd> 5 ^^(\jojnin(X)NN 6 sNfiNa!)®o 5 o 5 ocNiin 

O O O O O O O O t - i” t“ t— t~ t“ i“" O O O O OOOO O O O O v— t— t" 


^copiDi-cpr^-cDh-cococy 

~ 3 £ 3 i? 38 § 5888 Si 


h- CO CM r- S- I 

*■ s © 0 © o 1 


co 04 00 q> co op 
!D ® CM Q Cp CO 


OOOOOOt— -^- 1 — t-CMCMCMCM- 1 — OOOt— -T-T--T— cmcmcmcmcmcmcmcm 


, "C _ 

0 )©N(oin^nwT-o T 7999 i-o)coN(oin^w(M'-oT c ) ,f ?9 


1888! 


O) CT) p P ft 0 > 
o| 0 ) 0 ) O) 0 ) 05 i 


Y ^ ^ ^ ^ ^ ^ c\i csi cvi csj 9 9 cvl cvi cvi csi 9 cvl c\i c\i cvi 


CMCMCMCMCMCMCMCMCMCMCMCMICMCMCMlDlDlDlDlDlDLOLOLniOlDlDLOlDLO 


n^M*«^iA/A^/AAiO’-c\in^ i n(oscoo)Oi-ww^in 0 Scoo) 
Ot-CMCO^IDCONCOOJt-t-t-t— r-t-'T-OJCMCvJCMCVJCvJCMCMCMCvJ 


39 



3g8^!22aas?flSNSs!SSSSas88»fel2!&®SSS 


88 


O 'f- 'I- T- r- 


LO h- 

» o o 


sa^s^ggg; 


i- 05 m -*- 05 , 
r- cm i— e? op co , 

• -r ^ io i- 

rlriO®NQCO! 

CM 


N © O) t- 

■ 25 N CM ^ 


:5ss588t 

o o o 


in CM lg h- CO CM 


3: 


^ CO CM CM XI 

O O O O O 


)ddddooo9?????oooddoddo999999odddddddd99????dd6oddo 


CD CM , 
^ CD O 

a n co , 
co in t— 
o o o 




tSScof 

SsRj$s3-«5o>ococ9t-^<d^ 

Q°. r^ooSSooiSS^ 


in cm *- 1 

o) in »- o i 

Tf O) CD *- i 

. _J CM t- r- Q i 

I o o o o o « 


9?9ododd?dod9dd???999d6ododddd?999?9999dddddd 


8SzfefcetpSS5oq8^ 


o o o o o o o , 



W N N 

3 q p g g 

ooo^^ooooooopooooo 


. CM O) CM N 

t c$ *- w <P °> 
n w o t- i- cm in 


N «^^ 9fia gg§Sg3g3igSg5§lBSigg^§k: 

gq8q8§”88qggggggg5gS8wg88g5gqg^ 


o o o o o 


?999999?9dddddddd6 l 


05 N in CM CM 

n N o 


CO 05 in n co cp 
05 co a in co 


05 h- h- CO 05 CD in 

M- in in (N co co n 

h» oj h- q 


1 § £ 5 1 s 1 1 S § J 8 3 5 3 S 8 8 8 S q 

OOOOOOOOOr- 1 -i-T-T-i-OOOOOOOOOOO 


NCOCp®St-NN 

co t- 95 -r- co co 

oo t- i— i— r-- m 


_ -r- <6 ^ CO CM CM CM 
NaDffiOr-rortin 



N G N O) Q (O r-~ CM 

cfiotWCQi-NNr-N 
'^-OOinopCpCMOT-^'M- 


g^£^ggS>3gg££p^3cq^oqcoc\jqo5^<oinrfOj^cMT£ 


T-pppppOpT-r-p 


r r r-ppp9pOpppi 


o o o o o o o 


: O O T- ' 


o 

odd 


S s in co co i 

O) CM CO CM < 

05 05 8 8 CO ' 




CQ^COTj-mCMCpOiCO K cn CM p 05 h- p 
mT-inwrtco^cooj^T-^roor-QN 

S 8 R 8 8 8 1 R 3 i 1 1 8 g 8 8 g: 

co^KfflNininMinin<i)Nc6o)r-r-co' 
'dddddddodd'r : 'r- : 'i- : 


; CVJ si ^ 8§g 

SoSSioSi- 

n co in ^ ^ in 

'i- : ddddc>c>c>ddooo^-'»- 


S O> t- 05 
CD ^ N 

in n co ^r 


CMNSMM^CMCMt- 
^CMOJ^CMOCOCO 


o o o o o o d 


^8 


f=5feS88“?2}G?!588S88|S8§i8!5f58S^§^832«t^||®|S^583®?®c y q„8 <D 

nrtnffiSinol^on&ntrooiinninNO^ieQsOt-mNANfflnwdOGfipfflmffi^ 

Oj5^^88§fe^§Sf^§CM8SN8o^CMCS|Co8^-S8oh-l^loS8cMS5?9^;^;©?Sq ,. . -. . . -. . 

coco^^cocococococopppppcopp^^^^^^Y^^^-pv c ? c ? c ?ttt T r T rTt1't T f c ? c V c ? c ? T f'tt^f 


88£«8s38 

loS^oSScmS 


8 Si CD I 

05 cm 1 

8SP’ 

d o i 


CO t— 05 CO f"- CD 
N t- ^ 't n * 


$ 8 in i 


co eg in 


jdddddddddddd^-^dddddddddddddT-^ooooooooooooor-^-o 


co ' 
in n d < 


^ 5 8 01 

§1s1s3883888k 


cm in in m 

-r^ddddooo’'- 


®SI|!2§il§5K8Fg 


N CM N 


in co 


islgliliilllillllliiilllilllllslilMliiiiP^, 

^^^^pjcMCMCMdddddcdcdT-’^^cMCMCMcdcdcdcdcdcdcdcdcd^^-cvicvicMcocococo^t^cO'M-cocoT-cMCMCMcocoTj-co 


co n in co co 

NinrtS©^-?© 
KcOsmGincnJ 
“ co co cm <o ■*— l’*' 


’r-05co^com^cocM 


in u i ■ tn 

^oT t l l( ? c ?2®i»s®u)'*nN'-o’:^ 1 ? < ?2ai»MDiO'tnM^o’r t l l< ? ( ?°»(OStDU)'t'! 1 


iiiiiiiiiililiPPI^IIIIP^ 1 I § 1 1 § 1 1 : 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMpppddppppppppdp 0 QQQQQQQoo 000 0 0 r-r- T -r--T- T -i— 


^.^^^^^^^^^-^-^^^-TtOOOOOOOOOOOOOOOCOCOCOCOCOCOCO 


8s88388&88§s3333SS 


SS8s88S88C5888s88388fe888K^f23f5fS|iSffS58 


40 


"1 I! 



t- cp in co co rj K 
co Q a n cvj 

^JS/R&^cMooinc^ 
ooooPP^^ 



gsSsIgsipsljgsiiiSglla: 

§oo??Sji|pJrtcM^^g§5g8fe^§^ 


O) OS 05 CO 
3&88 


'd8888888d999999dddddddddd^99c;lll§§§§gd|ddd3d§§§§§§ 


|8S $§383g&gjSj$8 

*533§3§§SS8iS* 


Hi 

'^tgsssassiS 


oo9999999 


3°gg§§: 


Igplllilllpili^liislll 

St--S38ooo52^^$^-05SooSSn 


oooooooo 


oooooooco 


o o o o o o o 


5 o o p o o o o 


8 


:=8g3 


oooooooo 


jOOOOOO 


§828§°§§1 

d99999ddddoo 


§flq§8-i8&5§g; 


N m CO 

biOCNJCO^CO^^oo 


05 N. (5 CM ^ 




Q^^b^ J ^ T -Qco^ : cd3: 

ooo'^-i'oooooo 


3?9?ooodd66dd?9?o 


CO T- 05 op CM CO 
“ cm t* o cm 
S C5 CM N '“ 

’ 38 

ooooooooooob 


® £ S 8 

cm S 8 °& o> d5 

8r§88S3 


05 CO CD CM 05 

S co co cm co 
05 CO 05 ^ k 
*■ “■ ‘ CO CO 

o o 

bode 5do 


CpCVJO^NCpCMinin 05 CM 0505 

Q Q in LO 05 CO “ 

coininiq^tTt 

^rbb o’ boob b boob 


co o m k -r- 
® !fi ft CM N K Ifi 


SS?S!ijS 2 l£?S!E 2 §§^?j''i : ti«^cf>oc ! (> 

? 88 S 8 Sk 88 ® 8 KS : ? 5 ^ 5335 ? 


®k£!!e$88P Q ' 


CM N- CM CM 05 

f5S5S8; 

r o r © a I _ _ _ 

-. h-OO^T-Tj-^-TtCOCO 

ooooooooobbbbi-’>i-'bbbbbbbbbbbbb 


S 05 i 


CD 05 CO ^ N 

in N O M 


CM l. 

N- 05 ■ . 

Tt CO CO CO 

o o b o o o 


sas 

CO CM t— 


fe S: 


: & s ^ 


» o w 

y i !Q ^ ^ 

UJ ^ O CO ffl N 

O CM 00 05 3 *- 

9999vvv999999dddd99 




;2i2 

“> s- 


TT £ 00 

o CO 


;kS: 


, O) N 
> ^ 00 “ 


1 Q 8 8 o ^ S 8 8 05 

> P^®r^ L nrj;CMpg}g§^-Ncoa) 05 cor^< 5 TtcocM^^: 25 ^coi 7 )N.N:Kco 
V?????9?dbo??99?99?9???odo?99??9 


.8RS. 

!8£8£ 

INNS 



> CO 

> § ! 


I 05 CD O 05 
■ N (O 


t ® N ^ 05 

I M O CO ffi Tf 


■ o o o b b o 


bbbbobbbbbbbb 



j- co oo 8 co ■ _ . 

NcO'fcMOsrtconji- 
^^cp^incoino505Qin 
ffl O v N N 05 CO (D (O S U) 

CO 00 ^ ^ 


CO CO ^ CO N* 1 
05 W (ft N CM l 


8 8 8 cm 8 
l^r rr tt ^ * 


00 CM CO 
IO 05 05 I 




88388: 


^ 58 § 8 §S 3888 ^I 888 § 8^laSISSS^8?°S8Sl58 


) N 05 f- i- CO i- CO 

8 cp 0 in 5 r- ro o 
05 in 05 co 05 o<i- 


CO CD 
i- 05 
CM CO 


NpcocococoNinco mo5 


rrbbbbbbbbbbobb 


O) T- s s 

CM CM O CO 

, , . ^CM'M'CMCD 

NOgrj^OOr N 


f8* 


COr-CMinNCMt- 
05 CO CO N- 05 t— CO 

co 55 K in co t- 


. ' V/ v/ \s w W l> MJ W U J WJ 05 

O5O00T-N0(DCOO)COT-COin 

r , ^ ^ 9 ^ t ^ ^ t^COMifiinNO^ WMMOCOnrjnncj'Tin^onMMM’M'COCO 

^^oooooooooddbd^T-'dbboddbddddodd^oddddo 


S N^n^CMr-Bf^inobco 

coco^in<po 5 rt^^t^^tco 


CM-t—CMCMTi- 

M O 05 CO 4 
4 CM 1- to CO 
CO 00 N- T— CM 


CO CO CO N* 
N- CO 05 CM 


05 


S§C;!38 

05 N> 




■ CM 


CM 


{^^WCM^fCMC 0 g^C 0 g 5 ^^O 5 ^^ 

COCOT-i-CMCMCOCOCOCOCOTfTtCOCOCOCO^CMCMCMCOCOcOCO^TfTt^^^COCMCMCMCOCOCOCOcd^^Tf^'TtTrrfCMCMCMcdcdcd 


NMttONr- 

0 N N ffl CO M - . 
05 r CD N O CJ 0 

© cy r 


0M0CONCMOiM 

■ - co co in u? eft 

N ^ OJ O O 


■ in 

i cm m 


C ? C ?? 05 C 0 r^C 0 l 0 TfC 0 CMT-O 


cm co cd ° 


T-O 5 ®N 0 WMCOCMT-oT C l JC ? C ?r-O 5 ®N©inM'nCMi‘OT C V f ? C ? 2 o)®N©in 


OOOOOOOOOOOOOOOT-T-^r > ^i-t-T-r*T-r-r' T -r'T“CMC\icijcMCMCMCM<MCMW<MCMC\i C M<M(MCMW(M(\i(M 

ooooooooooooooocooocoeowcocococococococoeocoVVV'VVTVVYVVVVYT 1 ? 1 ? 1 ? 1 ? 1 ? 1 ? 


8 S 88 fc 888588 S 88 fc 88§§§§2 § 3 | 88 ?£HH£;:SS!: 2 §SH 8 S« 8 t 5 a 8855 » 8 S 8 

T 1 1 T 1 T ' ” ™ “ “ T“ T“ ^ ^ ^ ^ ^ T" ^ T*“ ^ ^ 


41 



BfflSosN’-S'tJS 

gSSSSpoSwSg 


(p CO CD 00 CM O) , 
^ (?) 25 CD O CM 

£S88“S8: 




LO 

S gj JJ 2 00 I 
* 8 £ £ 1 


^g>2F:$ 

h- o o> CM £2 


6?9999?9?dddd6dd6o?99???do?o?99oo?o 


g8§gpg§g8§g38gg§S88g§|§§§rsp 


9996dddddod9 


(D t- o> yj U5 
CM IQ OO O CO 
tO t- CM 


^“Sa^ag! 

8 8 8 ® 3 S 8 ■ 


fc88oS38skg§3qg|q88g88: 

ddddddddd9999999ooooo< 


SllllllliplsSislSlIliiiPlssl! 

^S|qSpppp8855gg§ggppp88ggg5§5g°i 

~'-'~~~~'~ v '"'dddbddd99999dddddddbo 


8^i^a»a?8fe3«^ to }SS85i^8i2^^a5? i o!$fe 0) 8?3f;S£S^8u5fe$f: 


ssss^si 


SS33S3888& 


N 05 N LO 
n 0 N CJ M 
(Q in ^ m i- 1 
IDNN® ^ 
O O O O 1- ■ 


o o o o o o o 


99ddddddddddoodd9dddddoddddddddddddddddddddddd 


(D^ w ^m l n^CT(Vj(jS t -(\jCv|CO0COC\J^CpNg)i-i-i-CO0Oi^NM’C3£O®3g)C\jM; j>i 2N(52 

i3Sal885il5sassS888l8|ss8iftefea8a8588i«Ka8R8as55i88afciR8 

dddddddddddddddddddddddddddddddddddoooooooooooooooooo 


o o o o o o . 


dddd9dddddood^dQOoo9900ooooooo c ; c j C 3 C i c> 99ooooooo 


$33§8§88 

oddddddd 


tp ^ h- CM CO (?) CO ■ 
CJ) CO CM OS T- -M- 0) I 


CQ Tf CQ CO 
(O v tt M" O) 


r-cMcocMcoocnin 

C\JO)^O5(QM0N 


SS^SScMiSSw«KS§S^S^§S^^Sort8coCT^cpcpS^t?5SicScodR^9 c *?^'. ^ *P <9 

-dddddddddddddddddddddddodddddddddoddooddddoo 


in m t- co 

to CM CM I s - 
3 O) S ® 
CO O) M O) 
CO CO CO ^t 


IT- 7- CM 
CM CO I s - 
O) CO CM 


0) •*— CO GO ▼“ 

co n- in co 


oj'r-ffiTt a) co cm co co in^<or^scMtQ'»-cncpcocoiQco CMcoNoostCMh-SJri^b-S^. 

S8??ai§983allS81S8SE§|8C5S!?88l?f:58^5S8SfcS3SllslS5ff88sa8RSS 

5is8i^ii8il8?5il8S88i8lslCS8s8!S8§i5?^8§tSt8!5liiIfc8§3fepaSS 

in d^^^^^dcoco^^^^^tnupininy^^cococo^^^yininininioinin^ ^^^^MMinininininininin^M 


cm h- co o) O) m 

oJcoiO'M-^dcMinin 

KOJ0NCMinNM^ 

cm8§9co5Scocp 


cocoinoi^Mwa) cm n op cm ^ cm ^^sco^iniQ^OJCOCQ-t-^Ln 

»sS88i5i8ESl8fe08»85?tefeca?5S35SS.§^????|^88?^5^^S?8lii?te 

dddddddddddddddddddddodddddddddddddddodoodddddooooooo 

S88SE|?!88;fe8-S8888888“^S8^^§S3^58a^88588^|K88g83S8|88g8 
ii®i8li^85^??^SffS8^8S8S5^«8 3 8388^3^3!?? 5 8855888«St; 

com ^M : M<W^M : <\i<dcdcd(dcdcdcdcdM : MM : M : M : M : cdcdcdcdcdcdcdcd<ocdM'M , M'MM'COco(Oco(OcococococoM-MMM 


Tt<ocM'^-o T 79 c ? c ?2o)coKcoin^cocM-«-o T 79 c ? c ?^<7)cor--coinTrco<MT-oT 


ocor-com’M-cocM^o 


CMCMCMCMCMCMCMCMCM^^^Tf^^^^^^^^^^^^^^^^^^^^^^^^'MWCOCOCDCOCOCOCOCOCOCOCDCOCOCD 


inininininininininwwwwwwcviNNwwwcvjwN^^^^^^jyjfyj^pjpjt^pjjvj^^inio^^io^w^wwwww 


8teS855955!J?lJ99858BS»8fe888B88«88fe««ePKPSI8RfeRR85|!8i886| 


42 




’ nfi PP “ 8 


8 


i: 

d 


g|| 

9ddooodod 




LLf 


'Pj- CO C\j t- K ^ 

£n co S SJ 8 g 

d o o o o 2 


$1 


gs2gg8§^iil88§8^F:°S!? 

qr-qp^5);o^Ortr\jrt^^TtwcoT-T- 


o o o o o 


T-h-^a)^ 
Tf CVJ CO ^ 1 - 

oooododdddd 


ss 

J^N N 

08080 


Ki CO CD 1 

lllb: 

S^ddooddod 


=S 

> 



99999999999 oddddd 9999999 ?dd 


OJ CO CO CO CO 
OffiON r- 

cvi o cy cp o 


W O CD g ■ 

5§|8838838 

ddddddddod 


> 

3 


ft! S S <8 §> f3 S 


CO O Oi a> CM Tj- 


ISSU' 0 *' 

CO CVJ ■<- 1 


tS^COT-(PQ)i-S^(Ol/)i- 

8888828888s£ 


f8lilsk ! *8a£5?88858828552852!3t588: 

©9999999999999999999999999999999 


CM CO 
C\J CO I 


uo S 

r- t~ 

in h- 
in in 

ooddddoddd 


18 8 ,® 


« 


58888^88?; 

rtcoT-nh>o)NC\ji- 

CMininininioK-coo) 


Bb§§l3§™^525s8880588*, 

. . . . . ^JpT--qqqc>a>0)coco^ininininin^( 

OOOOOOO*— 1— 1— t— t— *— t-t-t-t-t-’oOi—t-i— ^t-i-^*—’t-’i—'> 


CO » 

288 

- CM 8 1 . ., , 

CO ^ CM T- 

oddd 


CM 


00000 


c 

03 

a 


I c 5 § CM S 8 S “ 


8 § 

CM CM 


5 § § 5 § § |? 

5p:88£l2S8g85?8RS8^1888PEoioini,w 

Q^CMCMCMCMCMCMOJCMCMCMCMCMCMCMCpCMCOCMCMCVi 


<085*88255888 

Noa<fiinN©T-Sft*-g 
CD Od ■»— N^— 03 CO N S> Tf <n 
■ *t CO CM CM CO 


CO © CO S 1- Ot— ^"h-CO 

8588588888 

ddddddddod 


"O 

I 


h- "’t to 3 co ^ 1 

b88288g! 


CO N K CO © I 

i~ooddddd 


P> ^ CO CD Oi 1— ® 

855588, 
8588281 


o> r- 

88 ; 


ajijrtdi^WpjiaSI: 

85588388855 


g22^558882 

lliS«ll§|g 

^ ^ in to in in in in in 


cvl <0 cm co Si 

CO CD t— t— CT) t— 1 

NiS^^^Sf^ininio 

dddddddodo 


IQtCONrttDWl© 

°i^^®ojiococbco 

soinnffi©^©i-cM 

coT-ojcviqqcqcpco© 

^'cdcdcOCOCMCMCMCMCM 


m 

<0 5 


©CONtOtO^COCVJ 


SNNNNNSNN 

CJQ5C7)^C!T>CT)CT)i2?0 

OOOOOOOOO 

©©©©©©©©O) 

cDCDcdcDcdcdcdcdcocD 




C 0 ©©©©©©© 0 )© 


03 

+-» 

03 

■o 

“D 

a> 

u) 

tn 

CD 

O 

O 


in ■« 

0 ^ 


o .h 

=5 03 

Q sz 
w <n 
0 © 
■*—> £_ 

CO **- 
"D jC 
C *2 


)r in 

O i- 

o 
> 


0 
LL tD 


0 =3 
0 a. 

w — 

"I 

a> . 

Q. CO 

C/3 °> 
-2 E 

CO 0 

Q CO 


c 

03 

0 


D 


c 

CO 

0 


CO 

o 

CL 


N 03 1— CD 

co q cp ^ cm j 


CO 

O 

CL 


LO N © N rf cj ' 
CMCMCMCMCMCviCMCMCy 


|CMCMCIOMOt-CO(DI 

co d in 03 in cm 


, K in © i 

slo^ajssinnS! 

r-odddl;?’’’^ 1 - ■ • 

. . T TTOO1-1— r WCMCVW 


K in in t- GO 

3 g ® ; 

2 o •*--▼*- cvj cvj 


CO I 


LO'i-OJCDT-inCD'^1 

85858858£; 


I s - N CM 00 

3 88 588 _ . 

q5^!fi!n!qs§S©feS§SS©^©flo 
’-ooddddddddddr-'dddddddd 


CO CM 1 - M; MSi 

kiSS-SS*' 
8 


co co in cm n in 

8 n n n 1 

© M- t ^ ^ ' 


m n cj 
*- CM CM CM 




=5 

DC 



8 $ 


88838lo85388 5 

gf 2538*88852 

■ ■Ot-MiONCON^'^ 


^ '•j un- w i> y» w u oj 

TYoddddddddrd 


I CO t— CM N © © CD l/) CO CO 

iwQinscocoo^iiK^T-rt 

ooin(0©r-©r-©rtininNT- 
cococM-t— co 

>OOr;T- t inC\jM;in{£)N(qM;^<\J 
: ^T-"cviCMCMCMCMCMCMCMCMCM 


in in in in in miommin 
— > ll 0 wins wins cMininw nwcm NinS 

<£ > INI T~<^oo^coinTfcocM^oTVYV 99999999 c ? c ? 9 c V c H c y , 7 VT 




CO 

O 

0. 

X 0000 


0000000000000000000000000000 


CMCOM-IOCDNOO© 


cMCJM-mioNcoao 


_ _ WCO^in(DNOO©Or- 

’"^■CMCMCMCMCMCMCMCMCMOjftCO 


43 



SKoS6SQnS222!Pxffii22!Bfe ,,- &oprtcDc\jLnQco<oa®’-c\lcjf3si^tt>3 ,_l Q® ir >«?'*!2Q!2P ) ¥'52 CT> SSi 

Sg§llli|||^l§gg§it§l5iS^§i2^8t^55§SSS3^!?felRi882fc&88§li 

d9?dddddoddddddoodo9?9??9999999?oo?9999??99?999???6d 


illllIlllllllililliilllii!I!IIi!liiIIiiiii!IIIll|!l|l 

99999999999999999999999dddbddddb99dddddbddbddd9999999 


goo^ 

cm 5 cm 
in cm oo 

CM CM i- 

o o d 


l oddddd?9 


in cm uo o> 

CM ^ CW 


c&cqo^Kq^^^^^cm^o^o^-'-ocqq 
NCO-^CDT-^CSJCM^CMCM piCM^^rZSr; Q 8 P 
^wo^o^NSSin^inM-i^LnSSSNN^q 

r^r^dddddddddddddddddd 


co 3 - tn cm 
r- co oo i- 

CO O) N N 


in CM CM Oi CM CO I 

N N $ 8 S3 LQ $ 


^CDCMCO-M-^CON' 

COCOCOCOCMCOCMCM 1 


8 CO CO 3 CO 

o£ 2 S&N 

t— t- CM CM CO CM 


CM CD N N 
CO t- O O) 


N o r- in 

N 1- CO ^ CO CO 

N § Q ^ OJ O) 

on cn oo n- CD m 


f— T— T— T-T-T-T— T— T-T— T-T-T-OOOOOO 


h» CO 
N C\J i- 


58&85S83£S83i£i8§|§£§igjg?:?j5£Sij8SB9&gg»£3g|« 
lislgislsisslss^lgsfe^as^ssgi^lililliglig 




8iil28s§8588aj5iPi8S|8^s s g8§a8S§8iS 

^SsSsflsasaass&ssasssisssgggfisgl 

VT999dddddddddddi-dddddddd99999999 


(M NIO DO 1- S 

n CO CM IT) S Q M 

o) i?5 o in co in cm 


i co co n cm Qr^^-Lnin^CMuoh-in 

SSQjOCOrtCOQOJCOCOCOOOi-^ 

inKfOTtincMOcoojw^ONoj 


inpincoincMOinN^o^tincMgoogjcMT-or^cM 
SOW0PjF*WNCMCOa)C\|T-O)QtOCOfflM-t-IOOi 
^^oaoJsscococoinincoincqcoNNSjoi^rir-i 
r^dddddddddddodddddr-Vr' 


ON O' 

§55*: 


CO CO ^ 

NSW 


CM Ol •*- 

883 


<5)01l00MSC0MOWi-®0)C0 CD 2 cn 

cMQNtn^oinococMdpco ®od 

r^(OCOdO)2cOMOQO’-N’-NiO 

■^■^N^COCOCOCMinOOinNNCOCDi- 

COnCOCOCMCMi-i-i'^r-OOCOCOCOCO 

v— i— i— t— ■ t- y— -r- y— -r~ i— -i— r -r-d d o d d 


NCM't-tDN-pNCMNcocMOiCMinT-^co n^^T-co^^oocMu^cMco_ mrn<n 2 

SSSiIfel?SP^5S^jKi^^?^3S^3S888d|||5a§{ofeg5|Sp;PsSS§^gSi5 

CM<MC\icMCMCOCOCOCMCMCMCMCMCdcodcdcOCOCOCOCMCMCMCMCM^T^odd 


s8888£S8588ife3888 fea88 s 8SS888S£^?88feo,|?38|S§a55? t; tgg85 ! s 

OWfiNNOCpiflT^^O^^^infflNNwroAftCJlwCJftulolCJjOppO^CRddCJlOOCflOfflCpCOdOlfflNNtOlO 

dddddddddddddddddddddddddddddddrrr-’dd^rdddddddddoodddd 


M-CONCOaDM'W’-NC4MC\inoOCM05lQMCO M-^^^NOOt-CO MO)W0n<OCOp^^^tWN^CMCNiQ^J7jrL; 

C\l(O®NoSNi-fflr-COM-NCOCMN!Qro0^^O(D<D^i-T-3^WOiOS©iv$Q55^S2bQ^i?S^^fcn 

^$n^ri-inow<oNS^T-^innc\iQOo)ifir-J)Qcoinomwftd$o^rt2w5wfflT-«djd^ ( fi^^t^2 

T-SIO{\JD0n^T-T-T-nMnWM’NOnN^iKcO»-nCM^inM , <OSc5iflM;N®OJfflCp®flOO)Cp®N^T-{pCOpCi)Nw 

cM‘^^T^ddddddddddddd^^^(MCMCMdddcdddcdcdcdcddddcdddcdcocococddcdcdcMCMCMi-i-d 


o o 

-CMCO-M-inCDNCOOiT-^OCONCDinTfCOCM 


m m 

cm m n cm m n cm in in cm n in cm n in cm 

i^^T^CMCMCM<M'cOcdcdcOCOCOCMC\iCMCM'r^i- : 'r-^ ( - ) ^ rv , 

r I l i i i i i i i I i i r i i i i i » i W IM 


in m 

CM W N 


in in 
cm in in cm 


in in 
n m CM 


in in 
n in CM 


co ^ in CD N 


cdcdcdcdcdcdcdcdCpcdcdcdCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM^^T^^^^TpYTTTTVTTTTTT 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


88388fe88§s3S33SS$38sSi83:88fe888£5i83!88fe88£?:S!E?tEf8F:f5£85883 


44 


8: 

. . _ __ __ , 

ddd6666d6?999999999999999?99999?9999?999?ddddd66doddd 



r- o> r- co 
' cm in <y> jn . 


t 

LU 




8 



SSSI^is, 

N O r- u) (D (O 

5838?* 


s. eg p i 




> < • ooo i i . 999999oooooooooooooooobb9999bb999 


' CM i 

O O ( 


v a) i- c\i s n 

5 8 8 8 5 § 


oooooooooo 


Tf 

CO ID 00 M- CO O) ^ - 


I s - I 

8: 


coSSSsScS^ojS^^' 

SONurotOf^CD ' " 

8 co Si 


i • . vvvcoooooooooooooooooooooooooddodbddddb999999999dd 





JO CO t- 



cm co g 


05 CD 

i|! 

innintn<D?!n<oKcqo5 

ododddddddd^r-’ 


co m in _ 
h- 05 Q t*- 
(D CO O) N 


a) r- in in in . 
dddddod 


8 8 8 3 2 8 
S]f:88i8 

in m co m cd n 
iddodd 


3 2 P! 8 

in h* Tf co 

t T- CM 4 O 

i co in n o 


cdcdcdcdcdcdcd^cdcdcdcdcviwc\i 


& 8 K3 j? 8 5 8 8 8 § ft 2 p: « 5 12 «, 8 

coc\ioN^odcocoin4<c)vT-|j?^ | '^Ln(5 


t- o o o 


■7-T-cjcMCMCocobcocobbbcocococococo 

■ ■ < i * i * i i i i i i i i i i i i 


1 3 CO CM ^ 05 CD •»— 

J'f-ScoScoSSin 

^&58fe3{8&&® 8 


in n co i 

N in 05 i 


co $ 5 8 fe 3 


CO CD N 
ID CM CO r- 


N CD 

in co 


__ CM 

osft<*«eftto»»e5a58^8iS58§8s85i58R8§Sg^?^^ 


__ ^ 1“ CO CO CO N 

3 8 5 ? 05 § 8 i 


'QQ)rQ cm t- 05 n 


CM CM I 

• t- co co < 


i- in in co cO K 

in Tt ^ Tj; ^ ^ w ^ ^ w w w w w w w ^ vij 

doddddddddddr-dddddoodddddoodddddddddoddddo'dddddo 


o o o o o 


^ftWSCOlQi- 

in^o^anSS 

cdS 8 cooo 8 cmcd 

odoood^^ 


CO N- N- CO 


ION i-S 
°^8 


I CO N CD CD I 

1 cvj r> h> 


CM t t 
o>'M-CMTfcocMinin 
cocMeo^gjNcoin 


fcS^S^SS^bcocCCTico^in 

__ ^ -j , doinojcor--coocDr^cSi-cDco^-ooincvj^-in 

^NcONttAroojqflocqNNNincDcoiocDictncDincpin^coT-scort^cfiN 
CMCMCMn(dcocdcdcd^cdcdcocdcdcdcdcdcdnncdcd(dricdcdcococMCMc\icMr^ 


in CD CD CO l 
*“ '* CVJ 




o) co co co in cm 

in £ 5 77 - ® 
Q co in 
in tor- 


in 05 

05 CD 

t- 

i- tj- 


o o 

C 005 -*-T- 05 CONCOin^COCVJ 


in in in in in in n in in 
l k cvj in N- cvj in to cvj h-mcvi s in cm 
T—CMC viCMCVicOCOCOCOCOCOCMCMCMCM - *— t— t— 1 ' 


o o 

Oi-cMn^in<oscoo)^-T'O5cos0in 


I I . OOOOOOOOOOOOOOOOOOOOOO^*— 1— 1— -t— f-T— T— T-<r-r-i— t— T— 1 — y-OJCMCVJCMCMCVJ 


ooooooooooooooooooooooooooooooooooooooooooooooooooooo 


858688858838868 8i58888 8688S^g5?55fc59g5aaga8fcaa8588g8g 


45 



illlsilslMl^ilplIlp|i^Slsiililllliill§illilli§isl 

d999999999??9999999999999?99wdddd6ddd6dddd6dddddd?99? 


sSBS^ISs-slssasfefcsals&sSsgsstestgS 

^8^Sg8^§8§S^^^s?^SoSSqpSq8§S§§SSS! 


Tt co n. a> 

i o co -r- 

co cm CM IQ 


^ in O) r- 

i i- m n 
ab y- CM 
1- O N ® 
0^00 


qqqpqoqqoooqoooooooopqoopooqqqppooooooqooooopqqqqoooo 


S8 m o> 
^ ^ in i 

t n m i 


on b S^-CDTl-CDi-mCNJCnSSS^CD^Q^^S 

:^8isissi&88SS§S8Sl3lSg 

; 5 g8g8gggg3gg§88888°g s< '' 1 


§ § g I fe § 1 a § 8 1 8 a 
p8§i88§l|^lge 


SgSSm^g 

SSSSMssS 


d9?6ddddd6d66d9d?ddd6ddd6999996ddd999999?9dddddd?9999 


fe88il88s88afe888^85i88588885SS^^85!8S5!J?!?88!8S8885B88^S88 

dddddoddddddi-dT-r^rddddddddodddddddddddddddddodddodddd 


t— co to 

CM CM LQ 


I 1- 04 
(D O) ^ 


in N W CO N CM N 


CM N CVJ CQ 
CO CD CO CO 

in co in in 


> 04 CM t— CO 
•<fr 05 CM 05 
•soiQr 


05 ^ CO 
04 CO CM 


i cn n co m 
i t- t ® N 
i cm in i- <o 


SgSfcfeSSSgS^Sgolis^LnSSSSQpS 

o<ou 5 CO’»-' 05 -»-^;c 5 '^ 04 Q 5 ^^co^ 5 COQN^g 5 LnT-ocMa 5 

58££3$$§8&s28;:^l883f8fc8F:l85 


cpm-tfi-incM^-co •*- 

^F^-<5<»-in<0'i-^tcQiQ 


ooooooooooooo 


oooooooooooooo 


U)NO(DOW®©W<6®rtdHM^ 

^Wr-M-T-coQojrtSsfyjfflNw 

NNO)^c4oa5(otnrtc\JMin<offl 

ddd^’^^'ddddo’dddd 


§ I - fc 3 6 S 8 fa a s « ? is & 

ncboj^atpccgcnsiniD^n^ 

cMcp^cMco^i-^to^inQcoinr^ 

TfLococoocMCMoroco^in^coK. 


o o o o o o o 


S OJNCOCOSWW^ 
(OflOCOCMOO^tOOi 
mCO^-<DCMi-tb^“CMi 
gr-incDincotogocj; 


N CO CO <0 CM CO 
CO in O CM 05 CD 
in o> co co co co 

§ 8 § ^ 5 m 


oco^-incococoin 

(oonwinoo^ 

t-rtocoooON 

CMOi-oo-^ino 

COCMCMOOOCDO) 


3g8i?f: 


£ o $ 8 co §5 
inLOCMCTi^t'M; 
•*— 05 i— t- K O 


838?2&S8IS8SS5585£P:838858!8S58 


CD CM CQ ^ 

CD LO CO CM CO 

CO Q CM CD IQ 

T- K to K CM 


r-T-<r-t— i— t-t-t— ▼-■^■^•T-'r-OOOOOOO 


OOOOOOOOOOOOOO 


O O O O O O O 


N in CD 05 co CO CM 
OJCMCvlNNNCOO 
COCOCMCMCD^CO^ 


in^-r^cor- 
I in CM CD CM CD 
t— ■5 


CDCMrfi-OCOCDTfCOOCMOOinNinCDOCOCD CM CM CD CM 00 CM T-CMCOCOf^CMCO^O OSOCOininT-NCOSCDCOOi 

^$Q?F^SSSSSmSgoS^^^^cooq-^ 5 qS^cpQ^C 4 <M^dod 6 ind s owgirfcMCDCMqdoo 

CJOOD{DSWM 1 Mc 6 cOM’CDfflCJ(ncOCvC\l(OM'C 6 ’-CO' - OCO 0 '»-<Dv(DSM , COWC\|(OTOh'’ - ^flOSinY^* T- ^r^ 5 CON^ 

^osN/siqlnqfflOeqsln^^q®«n^^ini?ScsNaqqqin© 0 )flq<Din^iniqSffla^cvjqssinco^qsN 

ricdwNWNcvicsiWcvir-VT^^^^r-'cNiwcvicNicNjcNiwcviojwcNioiocoricofOrtcococococortn^^^rincoriconwcNi 


^ g 05 
CM ^ 3 

o r- r^ 


28Scog8fe8SSo8§Sin8o8S8K8^^3ao5SSSfeS^SS^5g5cD88^S8S8^8§gfe3 

nNrrtino)wot-T-cijw(Dni-QNin^r-w^cgcortrtio^ 5 <OT-o^i-<Q««Qco^fti-^c>T- 2 ®(OT- 52 Q (5 

oddddddoddddddddo-ddddddodo'dddddddddoddddoooddooooooo 


r- 05 

o r- 

N N CM 


S T- in T- T- T- ^ 

05 CM t— Q ID N t— 


sasis„ s^ss^SsSsssiaSsiSfeiggsisisiaississssgag^KoSsKjssss 

cNiNwrfcdcdcococowcocoedcocoriesiwricNioicNleoriejriwcowwcooicNlcNlciT-^-^-cNicNicNicviwcvicvicoeocoweoocjcj 


in m in m in in in 10 i 

cm in h- cm m n cm in in cm mo cm i 

■r-r-'-r-CMCMCMCMCOCOCOCOCOCOCMCMCMCM- 


__ OO 

V O'^C 4 C 0 ’^'in< 0 h»© 05 '*-^ 0 iC 0 NC 0 i 0 ^J-C 0 CM 


CMCMC 4 r 4 CMCMCMCMCMOJCMCMOJCMC 4 CMCOCOcdcOCOCOCOCdcdcOCOCOCOCOfdcOCOCOCdcOCOCdTtTr^-rtTtTtTt^Tt^^-t^^Tj- 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 




OOT-CMCO^inCD 

CDNNNNNSN 


S IS 8 5 8 S 3 8 8 fc S 8 8 


46 


CVJ K CO Cp I 
CO CO CM OJ < 


n 8 S 5 £! H2 ; 
* *D ^ S & £ 


OOOOC^H<Sr^/-%Hr-I<--ij-s<-iXX/-Cy-C <: -'VPH 


N CM N 
O) - 1 - -tf N O • 
t- >.- CM -t OJ 

838883 


O) 0 > 05 CM 

J 8 8 8 Si 
: 53 S 88 


rvi rrt ^ . CD CM IQ CD CQ CM CM ^ 

SSsS»S 88 l?»S 9 i 


opooooddddddddd----'*---^HHH l Roooc>pq^o^ 

* t * VVVVVVVVVVVVoooooooooooooodddddddd9 


1 o OO , 
:| 8 ' 


0006506^ 

odddd^odd 


q> co 
8 s 



^SsSS 9 ^ 
888|§S&88 : 


< 93 ss:: 2288£&88 


oddo6d?9?9999?9? 


fe i£Si§a§$ s £^£ 8 fe 833 £ 8335888 £ 885 C v 1 S: 

sll^llIslSsspi^SSslIslIssSssSl; 


^NincgSScoh^cogS ^coS 

!C*pqS<5^^^i N ^Sc5aae3e6l5g388883f88§S8?^$^S^k3^l^i8ili^®i 

°° ,- ' -T "’ -,- ' r -'^ T -’-’--^oooooooooodc)dc>d 6 d 6 dociddddc>doc>dddd^-'-r^W-r^T^ 



fe885|88282Sglg8Si8l8fei|S888?°S§|iiSl§^ls^-^5S!®si 

? 9 r r ; r ! u ; c 1 f'|Ph^^^ 9 \t 9 \^® r ; r ; 9 ®f N ; ^^hcp^ooooortcyjoo---^ 1 ”. 

■r-^^ T -rrr^ooooodddciddT-r^dcidddd 6 ^T-V 6 dddd 69 ?? 99999 ?o 


> co c\$ g> g> p> cy 


. f; ® ^ - 


irt® jfl«98S 

oioioippp^-cvjp 

o d d '»— t-‘ T-’ t-^ r-' 


^r^cpooh-iocnio' 

IWSSOKOr-O 

f IQ Ip ^ rf 10 Tf 


to t- eg co cq . — . - 
lO»OCO(M^Fr-K'^CO 
^wSdjmNNocQt 

ocppdpScpdNScoc 8 h>.r^cSLoto^Frfio^ : 'Sf : ^Fu 5 (i 5 <i 5 f^^{o^If^coflo^Qj 

oor-ooooooooddddoddddddddddddddddddd 


l*§-SMrS§ro»8: 

s /m ^ _ -3. ^ wNN^m^co 1 


iS8g»* ?i M f? F? co co 


88fe8 

^■^66 


m*\ 


csi cm cvj eg csi c\i c\j 


!^8:r:££N£?£22S£ cs JiQb cv JO> 

> 3— cm cm r^- p> co 05 cp lo o 5 ^ ^ c\j < 

• O^gOWNSi-OONO) 
>o«Ncoiococt)c\icoKco 


)Oi t 

: ^ oi c\i evi cm evi 


; 3 1 
188 




1 OJ 

1 o> 

. 10 ~ 

iio?S«qdaiaS 3 ?M«pddpM^p^p^ 5 t£tn«^co^K 5 Ni 5 fi!fc; 5 ^^ 5 p;K^cMdSSQ 1 iWto? 

9 9 9 9 9 9 9 'f 'f 'i * 'i 'i 'i 'i w *f Y *■’ ’f Y : ^ 'f 'f y Y co co co cp co c\i csi cm evi oi evi 


'^t 00 r- 

OJ C\J N 

CO N ‘ 


h- O) 

co 10 


CO CO Oi 
h- 1 — 01 •*— I 


Tj- CM CO ^ 00 CO i 
1 cm $ 9 S - 


oor-rrrrrrooooooooooodddddddddddddddddddddddddciddddr 1 


3^Ji3^ife?fefelti?ip&K8§3§iiil^il8S3i2l§8iiiii5lii§8l 

ntJNNWNNT-NWNNOnnnOonnnONNRiNNNWNNNNWpiftiftinriBBriririririjjfjriNPi 




I T- CQ OJ CO CO 

COCQQini-^- 

I ^ 0(5 MO o 


88£!8 

Q *- M CD 


<D S O) ^ N 

) eg n co co <0 ~ 

1 co ® f 


tn tn 10 10 

CM ip N. CVJ lO tO CVJ 


uo 10 

M LO CM 


R«»a 


CMCMCMCMCOCOcdcdcdcOCMCMCMCM^-'r^T^ 


UO 10 10 

CM LO M CVJ lO 


ot-c\jcr)^io(ON® 0 )T-t-(Dcoscoi/>'tcoc\i»“OTVTT c y c i lc } ,c f JC ? c ? f ? 


^^^Tf^^TtddioddiOLoddLOLdioioiOLoinioioiOLOLOLOcocococococococococococococococococococococo 


000000000000000000000000000000000000000000000000000 


588388 & 888 p 88388 fe 882 := 2 £ 2 i 2 £t: 2 £ 8 Na 8388 { 2888 £aaS!$<efc«>g >2 

^ T -^_^^ T .^^ cv ,^^J w ^^ CJ ^ CJ<NCJCVJW((J{VWW(Nww gj^jc\jevjgjcv|{Vjiygjgj«odc 8 dc^rtjo«n^ 


47 


Data Spread Sheet File for WindStar Duct Test. 

Settings: Fan Input, 12 volts, No fresh air duct, processed data. 
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Data Spread Sheet File for Interior of Explorer Test. 
Settings: Heater/AC Fan run at 14 volts, processed data 
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178 9.5 9 -4 -0.29028 2.8511 -0.03397 0.6902 -0.34146 2.41653 0.14034 0.04149 0.06116 

179 9,5 10 -4 -0.38174 2.18965 -0.07552 0.6389 -0.30941 2.86421 0.09457 0.03649 0.02176 

180 9,5 11 -4 -0.43128 2.40199 -0.13008 0.59125 -0.48675 2.62778 -0.08718 0.04813 -0.11968 



Data Spread Sheet File for Interior of Explorer Test. 
Settings: Heater/AC Fan run at 14 volts, processed data 
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Data Spread Sheet File for Interior of Explorer Test. 
Settings: Heater/AC Fan run at 14 volts, processed data 



5 

3 


$ 

> 


> 

3 


U 

(/) 


c 

OJ 

0) 


> 


c 

(0 

CD 


T3 

D 


c 

as 

<D 


C /5 

o 

Ql 

N 


8 8: 


jO^fO) 
M- ^ CO CM ^ CM 


(vi j »n 0 co o o . 
OJr-TTOOiOjTj-CMCVI 


o cm 

ddddddodd 9999 


.^JKTr^^OJ^ a}nmJ^rti«inc£|Tj-a)CDL!CiJC\JCO{OCC'^inNin’-C , l(\JN t P l ^O 

i^^ion^i-cviriinC^scDcoiriifitD^qr-Tj; 


o 


. j cm i 

to K I 


t— OJ OJ CO 

“ oo 


i oj co h- 

S Tt •*“ 

OJ OJ 


oooooooooooo 


oooooooooooooooooooo 




58 


l§2 




OJ 

o o 



^ T- <D 

I O TI o o o 


glgSsS: 


; S 


I 


, CO 8 55 




” £i 


U) c? in o , 

o o o ^ 


S!Soi-oo^o^Ko 52 i-oo 5 !or 


983 


ood 999 ?o?????o? 9 ?? 9 d’-ood 999 d?ddd 999 ?o?o 6 o??o?? 9 o ?6 


^ a> oi gj ^ „ 2 - 6 u) 85883 S® 5 S 5 ?(ojS = m t 5 aK 2 C« 528 »« 58 ?S^idfcS 

©&©r^S^S¥£N$™^r<dP©^ 7 -T- 7 tCn^® rt Q£fccM<Sffi£biQ;^&cM&ocop 7 -ciiCMgi 

oooo 9 - 9 ^pq 3 pqSqSSqa-:^--oj-{ 5 ggqgg^ 2 ^iQ^r 3 -:P^oj-oj^ 


Oi CO 


8 


i CD CO CO 
h- 04 Tf 

in <*- h- 


o o o o 


o o o o 


.^9999999 


00000000000 , 


0000000 


CNJ O) Q O) 
CM Tj- CO OJ 

^999999000 


CVILDt 

i-O'S’3- 

<0 CM Q> OJ < 


5 


:gsj£| 

t2? 825 

■*-00 
oi oi t-' 


7- a> co r^. 01 r*. 

cvjQcooggigin 


CO OJ I 
^ ! 


> o a* 


SSfeSotsSSSo^b’-oiS.- 

7— -t— t- r- t— ■»—■?—■ 1— r— 04 oi oi oi ■ 


> N- ( 

> o> i 


O) ^ CO 
N c6 T- 
* Oi CO 


^ ^ OI 

S t- o& ® lo co 
NNNNN 


S oj co 3 

h CO 5 N 1 


CD CO Oi OJ 
h- N- CD CO OI 


SS 325 

o t- 1- 01 o 


1 — t— -i— 7 — OJOJOJOJOIOJOJ 


co n 7 - in co 

3 r “ ■ 


^ Oi 

i CD OJ CD 1 ^ 

' CO 7 — O CM ^ u,? CD T- 
ininQt-in'i-’^cDincp 
' O^-OJOJt-t-OJOJCO 


SS 38 S 1 

■ M N 7 - 


S 10 in co 


:fcH! 


c5 8 3 

CO Nj- 


OJ CM 
jj Oi tfj 

CM CM OJ 8 O 


CO CO 

O 7- 

CD CM 


! §j oj sg 01 £2 3 


999999999999999999999 


000 


CO N- CM 

§ ? 8 i ! 1 1 § § s * & 


1 c^ co co in 


CO CO Oi Oi N 
Oi CO CO CO 7 — 


§ § § I 8 § ? $ $ 5 3 8 2 £ {5 


d 9 9 9 9 9 1 


9999999 


0000000 


co co co co t 
in co oi co co 


S CM CO 00 ' 


to S 0)0 

o o o 


in ^ co 

000 


f 2885 in 7 -h?So) 7 -CM?MCMCnC 0 O)C 0 O) 

CVICVJM’NOiSCpOOOCMOjnNOMWv' 

8 lfiOjKcOOjSi-C 3 iOi 5 rt 0 MOS^ 

OiOiCONlOlONCOOiOT-T-T-T-T-OJ 

T-'ddddddddo 



IQ CD !Q 1 CT> 
O Oi CO O CO 
r^-qi^^T- 
“ 00 CO CM 




O T- 7 - T- ^r- 7- 


£i S <f> t~ S> S t 


<g jr w 

saT-wMCJOi^ 

SOiinQCOrtCOO 

Ot-COOOCMt-^CM 


! 8 g> <£ 

> K & £> © 


7 - (VI t- O) 
7 - tJ- CO O 
O) N 1 “ N 


— * u 7 - mi 7 - 7 - v 

ddo9999999999 


M 3 ^ OD CD N t- N 

^Q§ocmSScocm,, _ 

ood99999999999 


SoN 7 - CO CO CM t 

88 


3318 


00 N Oi 10 CO CM 

1 N O 7- (D S ifl ' 

J CO 5 7 — CM CO Oi 

- CO O 0j> 01 <£ CO 


I (O N O) (D ^ 

CM S W N 

CM 00 CM O 


ww us w g x ggO 7 -CMnC 0 ^^^nc\jrn^Lnioifj 

ddddddd9999999999999999 


1 CM 


; g CM CM 


7 - - 


cm N --cMincM-<NOCMO-n-LQinnoo^^ncoqo^^^or^OiOncM OOcoco^incoin cQ fnr ,_. 

8 gteiill 8 !§{S^ 558 i 8 iiS-s 8 t!-S^S 588 S: 5885 fe 88 S 888 &tgii 85 fe 
feS 5 i 8 si 8 i 858 ^?il^sl 8 S 88 fet 8 i 5828 ^^ 8 Si 8 ^ 88888 R 5858 Kj 85 ?S 

CMCMCMddCMCMCMCMCMdCMCMC^OMCMCMCMCMCMCMCviCMCMCMCMCMCMCMCMCMCMCMCMCOCOCOCOCOCOCMCMCMCMT-CMCMCMCMCM 


S CO 
t- n 


CM 

in 

N. 7 - 


C\l 00 N in CM 

♦ fcS SE 




is!; 


999 


. _ __ Oi Oi 

£2 cO 7 — in 7 ^ 7 — cm 
^ cm co n co n 


S S S 7 - V> J ' “c '•c M c ' • cm S ^ 

ddoodddd999999dd^ 


I CM in 8 CM 00 

7^7^c\icM7^7-dd9ddT- 


Oi 7 - 1 

h- co 1 

© r* 


CO CO’M'Oih- 

CM to C\j CM 7 - CM 


N Oi 7 - 


S8 

o o 

: CviCMCMCMCMCMCMT- 7 -ddd 


'CMlDCjinod5N?Oi5SN 



sssssNsssNNNNNNcoiD( 0 (oco(oioc£)io<cco( 0 (Oco(oininifiininif)ioinioioinininifiifi 7 t 7 t^TtM- 


U) 

O 

CL 

> 


7-oiooi^coin^-corM 


7- cm co co CM 


o 7 - 7 - o 

CMCO‘M-in<or^cooi 7 - 7 - 7 - 7 “Oicor s »coin'M'COCM ’»“0 


0 ) 

O 

CL 

X 


in 

P 

in 

n 

LO 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

to 

in 

in 

in 

in 

in 

P 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

CM 

CM 

7r* 

CM 

CM 

CM 

CM 

CM 

CM 

7T“ 

CM 

CM 

CM 

T~ 

CM 

7“ 

CM 

CM 

CM 

CM 

CM 

CM 

t- 

CM 

T— 

CM 

T“ 

CM 

CM 

CM 

CM 

7 — 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

r— 

CM 

CM 

7T* 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

7 — 

CM 

7 — 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


D 

CC 


'M-inCDh-<DCJ> 2 ^^ 2 ^l 22 ^S 22 ScMCvlcM 3 wCMCMCMSScOCo 23 SScoSo§ 5 : ^ 33 : ^^^ : ??S 


164 


] I 



S co 05 ^ ^ Tt oj in 
_C^gCDC£r^CO^OJi 


coitocqcqco^cMcvjiti-Oi-o^co^ 


83 ^' 


oooooooooooooo 


_ o ,, _ 

co cm cm ct> cb 
CO o 


Sligi 

3888 ! 


m CM 05 CO i 

$ 3 ££i 3 ! 




CMOOOOOOOOOO 


5^3 


90000 


J§8 

o' 6 ? 9 6 1 


_i 05 to <0 o in 
M- CO N N tn OJ 
oodddoddd 



dcM^^oj-r-'cMoJcvicM 


; a £ 5 ! : 

> 05 05 05 1 


N 9 g T^; g CO 05 


- x: j ^wy/^OiWOOr-cOT-NinCvJ 
OjgjCO^O^NO^COtOPQ^’-r-'d- 
.T-CO^r'T-ajSOvCMCOQOlOCMCOO’T 

i £ IS 8 8 8 ££ 5 Si p § 5 * 6 8 § 5 1 , 

''T-'f-i-i-r-<r-i-CVir-'»-Cvjc\jo«ic\if- 1 »-oj' 


i 05 £ § So 
ICO CO O) s 

! £ o 2 3 

■ 1 — cvi c\i 1 — 


£2 ^ co 

Sga! 


BisgsiSiSiggigesi^ps&ssgsgsspspaSssgiSsSig 

§l88”SS5!$8q|w888&^^?3!J5^^S!822§q8§qi^§Bsi3ifci88 

ooo?9999999od9999999999999999999999999999999 


OJ 05 

O O 1 


N ^ to 1 
1- CO CO l 


^§^§^ 05 r 2 c? 05 §T-r- 2 ofc£ 5 §C 0 gLr>S 5 o 


3 °s^: 


0NNN«O^O)O5i 


05r-05CDNT-COCOCOinfflCOCOCOCOCDi 

IMtf»llw88HiiH§liMiHHiH3lliiilliS8§SS!iSgl8l 


'*-'l-T--I-'l- 1 -T- 7 -OOOl-'l- 


1-000 


1 - 1 - 1 -T- 000001 - 


:888® ; 
^gg| 5 : 


T- CO CM 

^ CO 


^ N CO N CM 


ja-BfiiJegS^sssssM 

ajgipajLooja)' 1 -- 


CO CM 05 it O) 


* 1 ; i 

P «N ^ S 


OOOO 


* 3 ° 


eg in to co in < 


o N 1 - O to 1 
to in co n m • 


1^88 


?ddddddddddd99999999999999999999 



^N^^ooscoconncd 

-. 3 k§ 5 ! 2 SKste 58 

pddd^^dddcpddcpd 


o o 


CO ■ 


cm h-co 05 cm cm h* 

;®eaQaje8£88S8^a?S858888SRIS8 £3£i38?:t8 
^aN^8S88358a!2S83Kl8a?22iS85l&8f:8§?f58s^«w 

<NCgCMCMCMCMCMT-T-^cgCMdddddddddcMC\i^-T-C\iCMCMCMCMCMC\iCMCMCMCMC\iCMCM 


288588 

g 05 ^ cm in 


I CM 05 CO in CM CD 05 1 
1 CO 10 1- N <0 (D N 1 
jM^CO»“St-Si 

^rcMOcoincMcpQcocoi 

wcoMrtcOi-ftMnwi 


CMCMCMCMCMCgCOCMCMCgCMCMCM 


co cpcoocMcocpin^ in 
T-CMpOlQQC0^F00CM05C0 

coi-CMinco^cocor^'M-ooin 


> iq r-*. d ^ 

■ CO CM 05 O) 


. . CM 

CM to M 


it M If M-’ M-’ CO c\i cj O O i- r 


;^8®88 
) CT5 1 - 05 N O 
. J 10 ffl O) O CM 

> in cm co cm co in 
: oj co in 10 in m m n co oJ 


13: 

Q CM CM t- 1 

o m 05 eg in 


^ 00 05 
rr CO 


CM N 
g 35 S 
CO So 83 

c 5 (S d> bi ^ v u uj im 

^cMcdcdcd’M : 'M : it , M : ^tcdc\ii- : i- : ddd 


I M 05 N W ffi r- W 
I r- CO O) CD O M N 

; 3885 $ 8 # 

■ 1 - CO CM M- O in CJ 


: cm c\i cm cd cb cd cd cm cm 


, t ,, t' , t^^^ , it'^it'itCOCOCOCOCOCOOOCOCOCOCOCOCOCOCO<MCMCMCMCMCMCMCMCMCMCMCMCMCMCMT-i— 


O 1 - 1 - o 

C\|COMinCONCOO)i-r-i-i“05CON{OinMCOC\J 


1 — CM CO CO CM i— 


Ot-CM(OMin(ONCD05' 


i-ocor^coinitcocM 


CMCMCMCMCMCMCMCMCMCMCMCMCM(MCMCMWWCMCM(MCMCMCM£££wCM££wWNWWWNnlcMWWWNWC\i£cyl£www£ 


£S8388fe888£88388888g 


T- CM tD 1 ft CD 

N N N N N N 


fc 888 £ 88388 fe 888 a; 88388 feg 8§°°° 


165 



88 


^?&^ls 3 s^tq^g|^S 55 |S§ 3338 i” 3 p 2 SgS §8 




00 i 
00 t- « 


5 8 & <? * ! 


LO 

1 Q ■ 


ooooooooooooo 


o 

o d d o o 


o o o o o 


CM O 

; o o d o 


og o cm 

rt Jrl t— < 

co fc! S 7 - < 
8£?8: 
o 99 o 


1 1 3 3 3 « 1 B I * 


<D J 

t >3 2 ! co < 3 > cy 

slsgs 


rS P 


o o o 


"M - 

ill 


^MOStfjgCQOOT-^g^CMipf^coCOl^M-OOCO^^rcMCTiOJcvi 

55<5^w5! r ^oo!:h n 53oSS^^^f i 


3 

o o 


:sS^gfe 5 ; 883 g 5 S^ 8 gggpfe§§ggg^ 


® co ® eg £ £ in 
«<’>a9n^Koio> 

igsllssgg 


;sfsi 

!£o! 


_ LJ LJ cm in 1 

__oooo^^qq< 
PPoddo^^drS, 


!|g^S58£? 

ppiiisis 


3 


o o 


o o o o o o o 


a> 

lONO) ' 

i co K 05 ' 


s5£§I§S$»£. 


CO 


oj r^ 


!nso)(0in _ 520) 8 g 3 tS^ii^s§ig§siii^«>^lsSsS?^^$^§§§ 2 P 

IS35S»Sg§?§l8|5lliii§§?i?lai8ii??83s6S8»555l5i§lil88 a8<g 

)ooooo°9900Q^ 00 °° 0 9 0 o 0 o 0 oo 00 oooooooo„ooo.o 0 xrir;x 


o o o o o o 


CM . 

5 P ° 9 9 


05 U) N 

CO co - 


3 


CM h- ( 


'CM'M- 00 COl/)^-N.CMCMf y -LnCr>CMC 0 lONO 5 in 
ioo^^co^ro>co^in^td 53 ?P 3 CM^ri-“* 
ir^co^^i-Lo 5 L? 5 r^oQ 05 rtpdin i oq 5 

i 05 CMSWM-©QT-QSflOOOCn®UJ ^^33 w ^ 

»NO)OOr-OCOCOro 0 ^nCM^WOOnCO(Or;r;r-qq 
CM^^dcMCMCMi-’-r^T^CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


1 - 00 (D CM in J 


cvj co oo co cd 05 cm cm r- co in 

-* S^ionsi-cQcosT- 

‘■tMgcnSflO 3 '^ 


J t O MO L „ . — — 

OJSOi-W^-SirfM-WWCMn^CM 

^t-'cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


^inr^cooJN^top'- 
*dco^^o>^05in 
iO(£g}oocMTf £ r :05 

s 


CO 05 00 CM Tj- . 

gjcnr^dco^coT-, °icc 


R f: $2 w - 


CM i- CO CO ‘ 
O ffi N CM 


ilplliiilillliSIlIpllisgKBSSSSSSSSSig 

®sS(pS^§PppOOi-ftTl;inCD^M;^CMr'r-q§§pT-njiosis ; fs ; (pi/ 5 M;r;OcM 


CO CO CO CO 

7 - tn 05 o 

CM “2 CO 00 I 


(DCONtcnmCMCD 
ncocQininNing 


909900^00000999990009 


00000000000 


^9999999999 


3i°883 

in in cm cm cm 
o o d d d 


CM N 
O) co 
co in 


eg ci 05 £r! S in 


in 7 - N W 0 O W , 
cMinCMT-tnT-coinT-cM 
CM-*— t-CMt— CMt— 7 — CMCM 



dddddddddd'T J T^r^i- : i-'r- : 'f- : 7 - 7 -oooi-ooooooooooooooooo 


7- <0 

CM h. ' 

cm in < 
S 00 


333 


CMininincocO't-;'*-. o 


■OiOOM^NCOCMinM 

■ 10 )M^(OT-li 5 U 5 r- 


> in in cm 05 o> 
cm in " ■“ 


I OJ 05 CM 


n 0 m 

CM CM 


■“SlllllIIIiMeii 


I 00 


«, v> w ’ . »^rrr^°! r : p i r : r ’. c^w^vijivT-yQ-pj^pj 

99999999999999999909999999999900000 

$88 


: S fi « fe 8 ^ 2 8 8 5! fe 8 3 8 

!o"i?88S®ffi7E:Nsin 


8 Si! *VJ w Sw/ \JJ >| \J* N I ^ I ^ N W \. J 

Qt-t-CMt-CMt-CMCMCMCMCMi- 

d^ddddooddddddd 


8 

S8S 

CM CO 

eg 05 

$23 

7 ? CO 

C\| in CM 

c\i CM 

CM CM CM 


co 3 in 
o co co 
eg cm co < 

CO CO CM < 


3 ^ co o 


ss 

Tfr T- 

CM CO 05 O 
00 05 05 7- 


CM 

05 CM 
' CM ^ 


t- in s 


1 ^ 1 
» 5 ! 


CO 05 S CM (D in 
N C 0 O 5 N 7- - 


CO CM 
N- CM C£> 


eg s. 05 00 eg 0 7- in co co in n t- 

-CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCviCViCMCMCMCMCMCMCvIcM 


h- CO • 

b 9? 1 


CD 7- 

5 


7 “ Tf 

CM 7-' r- 7 - 


o 7 + m eg 

h- (D co in 


h- in co 7 - 00 in 

co *r op ^ ^ 

h- 


,88 


h: <£? *“ o 


7 - 7 - K 05 < 
O 7 - O in 1 
CM CM CM t-t- 


CO 

o d o 


8§8£3 
s §388 

y t- w ^ 

o 


05 N 00 t- 05 M 
COCQNCMrtSffl^-i-N 
CMCOTtcocMcgoogcocp 
a 5 cor^cg 7 -c 5 N-oginCM^ 
cno 5 S©Nc&onino 5 M- 

ddooooooo 


OOOOOOOOOOt-t-- 


feS^Sg5Sls^f58888553 

^^odod 999999999 


7-7-000000000000000 


7 - 7 -t-t— 7 - 7 -T-T— t-t-t-t-CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCOCOCOCOCOCO 


c H c ? c ? c VT 0 7 - C Mco 7 tincDNeoo 5 °^^ 2 o 5 COi^coin^}-cocM 7 -o T 799 c ? 9 T 7 o 7 -cMCO'M-incoNCD 05 °^^^o>cor-co 


in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

1/5 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

7— 

CM 

T- 

CM 

CM 

CM 

CM 

cv 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

7— 

CM 

CM 

CM 

CM 

T— 

CM 

CM 

CM 

T— 

CM 

CM 

CM 

CM 

CM 

7— 

CM 

OJ 

CM 

w 

CM 

CM 

CM 

CM 

▼— 

CM 

CM 

CM 

7— 

CM 

T- 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


SSSoSS^^^S^R^bSSScMDicMSiRcMCMSSScOCoSSRScOcBSS^^^^^^^^^SloSiSlSlSS 


166 


1 1 1 ! i 



in 

UJ 

5 2 S 2 co 

_ 2! g 9 
9 d o o 9 


> CO 


CO o> 


CM 


3 S § 

rt-ingbcioS 
--qorJ^cocMco 
000,0 00000 


q 3 c\l s s 

0 r- o) a r‘ 




! 5 .“> w 1 


CM £ CM CJj g 

^ t^Ns 0 O)r-NWNCM 0 a)ir)rtO 

^ in^inrtininTt<DNtpcD«ncNjT-(D 

3 oooooooooooooooo 


CD 00 CM CM 

w y- co 
co 05 in o (o 


LLi 


5 S 8 I^ 88 S®l?B 2 *fe.Sa 

S^gsis 8 iio§S 6 S 8 §l§i 2|8 


o o o o o o o 


! S 


>8pS8 


9 o ' 


sis*?PsS 


o o o o o 


I g g 1 1 s g a 8 fe 1 1 
838 SS 5 =§o 8888 o 


o o o o o o o 


o o o o o o 


> 

ri 


fe CM CO CO 2 ! 


1 w ^ ^J- CM CO I 
CO Ifi N w d g 


— ® 
22 


OT- 22 o?cgijfti-cD 


dddo?99???????? 


*S5S 


1 lg CM 05 gj g CM Cg 

' S § l§ co m ^ lo 

i- ^ co m oj o r- 

CMCMCMCM(MCMCMCMCMCMCMCMC\iCMCMCMC\iCM(\icMCMCMCMCM 


SI S CO P ’ 


K CO 

CO 1— CD ▼- 
“ “ CO ID 


CM 00 


■o 

(0 


CMOOOimOJi-CDCON-T-h- 
OOJNftCOr soaor 


h- ▼“ 

Tj- LO 


CM 1- t- i- *- CM 


Si CM fc 8 


CM 1- CM CM CM CM CM 


cm co g} in ^ in cm i 


CM CM N CM O 


in 

CM CO 
05 in i 
co <0 i 


: I$2g$8§£$i 


oooooooooooo 


•^■COCMT-gggcMCOOCMCO^- 


O O O 


O O O O O O 


c 

(0 

CD 


CM CM O) 

05 h- i— ■»— CM 
CM i* 


0 <0 CO CO 05 ■ 

co oS co v m- o r- in ' _ 

8 8 S 8 K Si 8 2 1 2 s 2 8 8 io 5 

inn^r-q^q^cvjwcjnncMinM 

ooocp^ooooooooooq> 


^ G? g 


CO o 2 l 

* 1 CM CM in 

. - . - - - - - jsssifii 

oooooodddddddddddddddddd 


CMCOCDCOinTfCOCM 

cMi-inqin^Nco 

■ 


3 

> 


t— ^■T-r-Y-^-T-OOOO 


in co 
CO CD 

in i?) 




T-cMCMnTtin^MM-inininintnnnjoo^^^^^ 

dddo'ddddddddddddddd99999 


g 5 8 i s ! 

■ 2! cm co co in i 


8 


12£29J^ISGr:!^ w S r ^ T r_ r- m q w a o n co 

^S^^ 8 !o!p^!pls^.Kg 5 !?{sS 8 ^i 82 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMcdcMcdcd 


00 h- 05 _ 
Tf r* 


H Ss§i 

28$g: 

t}- ■»— CM - 

- - qooo^qqoqoqooooo 


cm co , 
in o 
co oo 

P CO 




awingjncn^cNiSwRn 
CcgincocMi? 5 (oo) 5 o 5 inc 6 

gOOT-M^inMMr-Mc 1 ) 


o o o o o 


c 

CO 

CD 


co 
-*—> 
CO 
, "O 

to XJ 

o © 

L_ W 
' CO 
*- 0 
0) O 

o 2 

Q_ CL 
W £ 


CO 


w 

co 

CD 


SSRifc 


i 

CO CM I 


CO N i 
1 N ^ ‘ 


CO CM 05 N 
CM CM CM CM 


8F: 


§j CD 00 

^COMSQ 
] CO CD g g 

O T- 1 - o 

dodo 


tF8§££!j 858^ 

p in In $ cm 2 cm 


co 05 r- co 

“ N CO CM N 
L/^ S S CM 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


05 ?M Rj S 3 ! 

!$ jggF 0110 ' 


h- 05 CM <0 N 

o o o o 


!co^-SScm^2§ 

NNggNCVJ^rt 

-■ ' CO CM P Si 

■ ■ O ^ 


toe 
| Tr CM CM 


^-^r-T-T-T-i-OOO 


COCOCOCOCOCOCOCpcp^ , ^-'M-'^-^-'^'^-Tt-M’Tj-Tj''M-Tj'Tt'^- 


IOMOCMt-OT^^^^T Ot-CMCOM-incOSOOOiS' 


ininininiflinininininininininininicininininininio 

w 55 ww 55 SwwSwnSnwSww 5 wwww 


fig ££££££$ 


o 

CD +z 

C ® 

O 2 

o ro 

u_ LL 
- O 
a> «< 

® § 
w S 
■D 2 

CO -T- 

CD - 1 - 

L. . . 

Q. CO 

CO g> 

CO 'jz; 
-*-; 4=* 

cd Q 

Q CO 


CO 

O 

CL 

N 


O) 

o 

CL 

>- 


c n 

o 

Q_ 

X 


D 

CC 


r^i^i^r^i^NNKh-NNNi^r^Nto 


^ 2 o 5 coh-<oinM-cocM^o T 7 c l ,c ? c ? 


io in in in w in in in in in in w in in in in 


167 



i- <»- <p ^ 03 cr> <o m ■«- (X)r^7-<g7+03OOpcgLncMCT>cM ^,«£2SS5££^£i5S h ~XllSfiS5SSn«^£;£ ) 05l7S££if , *-^iO$ 

ftScvi^Ni-offli-N^inmNffirtQsnngt^T-^NWfiS^fflifflg^wrtog^Q^rogSrtrotrcocooiW 
^0^^0>NT-(DO)^C\JO)CMOoB’“Q l ^'T , “N^'CO , ^ulO>NCOtOQOOQSf9QN:OI)©ro3 t ®^^^SSt r ^ ^Qt— CO^—Cp 

rtioioo\jS^r^S<DiSu^Dj^^^co^^toioi^^cpa^cpT—^Lnc^^Ln^Lr)^K^c4^coocvjc^c\j^ - 

ododdoooodooodddooddoooodooodooooddoooddoooo ; ooo t o . o 


,cvj$ 2 r-S 2 

mnWXm 


i §?8 


1 1 ^ w 1 8 

iSSSSS? 


i9999999dd' 


£3 co co r- £ cp 
to in cm }£ co 
O-OPoP 
ri999riP 


'* mm ™S^nooicon nainoa ^ 1 ^ n m m 

Sgi§sl88l8ig888§S28§|~sl8|5i 

9d9ddd9999999999999ddd999ddo 


I ID IDO) . r-~ 

ISfiSEsp- 

!S°85^S 


® N W i- 

Sl 8 |g|q 88 l^ 

999ood99999 


llllliiilll!Ill^illENl§ls^llllll!l§illlllililllll! 

999???dodddodddoooooo999?999?99??9999ddddddddddddooo . 


rt co in o> 

o 25 55 ^ 

C\J O N00 


<o^cbc\jc\jr-inQa>a>T-a>inioc\iir>cp 

CMOWCDNCOT-CO&l/JNin^-N'P}-'^^' 

fl0Nfl0NO)Cfi0)NOO>OO0)O)NNN 


CD ^ LO ^ 

S 1- w 8 S ! 

oi C7) ' 


;8S^8TRp:15 

c\i a> o co •>- ^- in 
taon^ was 
oo oo a> co oo n- co 


CO 1- I< a> O 1- CO CO 

NNCNMOCOr-dCDOlN 
i-^-incocMcvJoOQi^o 
c\jc»h-<ocoo3incoi-N. 
CONlONSCOOCOffli- 


k in co 

^ CM CO O 


?88§ 

03 CO 03 CO 


T— 7— T— T— 1— C\JC\|CNJ-»— T“1— T-^-T— T— T— T— 1— T— T— 'T~C\]C\JCM'T— T--T— 


CM CM OO t* 00 

INTfT-tDTt O 

l^gSSSiiS 

CM CM 7 — 7 — CO CM 


LU fv. 

888 
n in V 


gj5£ 

25 03 CM CM CD 
i-(Ocos 2 
CM CM CO m- n 


03 CO CM y , 


9990000^^090000 


^ g 7 - g in | 

§ p i ^ ^ : 

69999' 


00 Tf CO 

cm r-- co 


l S co 
CM CM 


000000000 


3 S3 

i-MOO 
M- CM in in 

0000 

dodo 


in co 

7— CO h- CM 
CD CM CM op 


:3£coo>t£ 

:l 8 ^^gs 




oooooopo 


co in n ^ 

N in M CD O) 

ffl ^ 1 - co § 


imSsSwNwl 

Ot-CMCMCMCMt-t- 


283Sip*3&88£o>3 

MW^^SincoccMftDQCDiDM-iDiDOJOico^cDioin^T-toocMcoinind^inacMtsQQ 1 


^oK^incM$£&£^7J^^i^(OcOLn(53 


7- CM 7 - CO 


gpSs5§28p8^|p|ag|ES8|g§gi 


ddoddd9999do5dddd999999999999999999999999dddddd9 


O) CD CO CO 

n in t- ^ 


3i5®$ag|fj8!8gaa8i5Ss«iBigag88ii8a8seagjsaaaKS8i58»*«5a655Sj8a 

^ojco^wPo^coin^i-^p^d^. 

CMCMCMCjCMCMCMCMCMCMdCMCVidCMCMCMdCMWCMddCMdCMCMCMCMCMCMCMCMdCMdCMCMdCMCMCMCMCMCMCMCMCMCNCMCMCMCM 


CD 03 03 CO 

1 cm d in cm co 1 


NCMnincofflin^coOTCMT- 7 * 
CMCM&ninOfflCMDftNCOin^ 
h-Trg5CMC07-OCpO>CDCO(DCOCO 


MU3’-Q>n’-7-i- 

T-cfiinfflOOMin 

co^tTr^-^in^: 


8 fe $ z K CM 81 8 8 I? U 8 8 Si P 8 

£ 8 & 3 2 !2 g 2 S 8 8 E5 te ^ 8 5 

oocMNfl6ocM«^CMqinwcqM;inc) 

dr-VT-'cMCMCMCNicMCMr-Vdodd 


3) N N CO M - CM CD CD M CO 
MQCONQNt-COMSN^ 
COQDJfod^COQCMT-aCM 
oSinM-i-co^CojinoMD' 

CMO>rgCMCM^OO$CNJODMN' 
CMCMCOCdcdcdCMCMCM-r-^T- 


in CM 
CO O CM 


CM P nNCOCOi-©M-N'«t(D 
i7-COO)COCOWCM(Din0SQCMCM 
i(00)(DT-Nfflffii-ON03ftCMC0 
NM-CDCDlOCOffiM-DOlinncnCM 
7-h>257-7-o<ocMincocMcococo 


7-7-O7-7-CMC0C0C0Tl-^J-7tC0C0CM7-T-OO 


^ S | E3 1 ^ 

cvi cd co Tt Tt 


(DCDCDiDCDcocooiDiDcDcocoioininininininininininininininin^M-MM-M-M-M'M-^^M-^M-M-M-cocococofococococo 

c V T ro7-cMCOTi-inco?^coo>2^^2o3cor-cDtn'M-cocM7-oT p H c ? c ? c V T 7o7-cMcO'M-incDr^coo>2^^2o3cof^cDiO'«tco 

tnininininininininininininininininininininininininininininininininininintnininintninininininininininininin 

88888888888888888888888888888888888888888888888888888 

£££85a8a«8£i888s88S88P588§s333SSSSS8;oSi8;ai3$&5888saiSSiSS8!o88 

168 

:1 I! 


IQ £ 05 

O O c\j 00 

8^g?832g^™g«!S 
£ ?dddddd?99d?d 



: g SS S 2 


^ in co h- _ 
b£co&CMCM^^ 


o o 



N. <50 HO 3 (D CQ UJNCMfflOilMi-OllDtO^t 

c»i^cMCMCM 8 cortocoocM 3 Q^coino 

Qcoin 3 co^ 3 iQr^cQi^ 3 M^oocM 3 co 

K<\JOsjrt^T-®^T-rtcghlMcoc\Jcort^- 

wq^q^qqdqr-^^oOo-So 

ddcpddddddd^dddddod 



CO , 


CM O 

9§. . 

°ooooo99999999 


PP''-:P§pg<r-oo£ ) g^-q 


O) m Ifl N 
i ® O ffl 
3 CO 


issi 


CM ^ CM CO 3 ■»— ,_. 

05 3 co to cm £J 

co cn g co ^ P 

o o 


; O O O 


88 


0099999991 


N CO in N 

§S|||: 


l(»(Or-in 

CM CO CO CO 
05 CO CM 05 
3 CM 3 CM 


!S^3fe8s8?8S88^^^£|^|gS|o>& 
»o|S§|§| §8§|82fc?8|g«QQ|feK 
999999999999ddddddddddddddoodo99999999 


CO 


3 in 



& S cn in 

igs^ii 


05 CD CO CO Jn O) 


— ; r _Z-CM° T ~C\ | -*— C\j 

dVVdddddoddod 


8 co uo co 3 

C\J CM O P O 


CD CD CM CD OQ N- i 
m U) N © CO CO 

3$gf:££; 

05 CO O CO O r- I 
-r- T- cM -»— c\i c\i ■ 


COLQCMCMCOCDCMNCO 


O 05 CO 


- = 

5 brbb 




CMcqo)CMO 5 pa 5 o 5 c 0 

CM C\J C\j r- r- oj t- C\] r- - 


ppp05050505C00505COh»00 


CM ^ CO ' 

co ab h* i 


lSS(Or (OTt 

igse^TT- -- 


CM CM CM CM CM CM CM ■ 


-. N CM 05 i 
N' CD t— CO 


05 M in N 


1 CM 3 CM © 
05 CO o o 


N0SO)CJt-t^ 
05 i- 05 


t- t- CM CM y- y- ■ 


h- CO 
O O 05 


in m 05 cp 05 

^ ® CO g K 

CM ^ CM C\j c\i 


5 8 8 b 3 3 5 8 S S? 2 6 § 5: 


N CO CD i- CD 3 


‘ C 9£ 5 b~!P2?Pli3?£? c £ > :3'05_/'^ T *ir> cdo> cd^osiocdcm 

^safesssssasgsSsiiRa^sssBSSSs* 

. . _. _ 3 . , ... , ....o ST -.8^58${o8S?S::§§82£S8§,i!sii5i{oooo^,-^«««rt 

9999999999999d9999999999999dd999999999999999999999999 


■ U) (O M 1 (D O t- 05 
!Qr r r t- co co 




335 


CM CO in CM 


8252 88 $; 


' in i 





S8£? = ft$3£g 9 s;2g8J& s8 g S 8§S8g^8SIS!£F: 


3 O 50 pinciJOi“Sjnr- 3 o©T-s®^c 5 Cv!iiC 

8$888838§S5fcSfc8§S$i" 

ooodddddddddddddd 00 -' 


o i- 

m in 


■ N i 

3 CO < 
1 T- CM 1 


3 05 CO 05 N 00 

CMd5Sco§N^§^r^ 
CDC0O5i-CMi- “ 

cm cm 3 in in 3 


:go;SB 

1 ■»— CM CM h» 


383$! 

oodo9999999999999999d999999999999999 


op 

CM 

zz * 

CM 


05 

CM 

05 

ft 

CO CM 
co in 

CO 

£ 

s 

CO 



in o 

CM 

CO 

05 


05 

in 

00 h' 

in 

in 

in 

CD 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 


3 ; in 05 CD 
dssin 

S CM CM 
•*- in 


S 05 oo 

i cm 8 8 g cn 


^~ 2 ?$ 2 CNJ b£ l ^ lir| o°’'-Cf 5 CDNao 3 cpi-<r- 

in^cDco^i-op^toincDdCMio^inNin 


CMCMCMCMCMCMCMCMCMCMCMCMCMCnCMCMCMCMCMCMCMCMCMOiCMCMCMCMCM^COcncOrtCMCMCMCMCnriCMCMCMCMCMCMWlNlMCMCMCMCM 


i U5 CO CO 3 

i8R]££ 

:g2Sj3 


CD CM CO 3 
’ CO 3 3 CM 


on in co k v\i n i\i 
COCOMOCOCOCMN 


, id 


N lO CO M 

I s - CD y- w I s -*- CO 3 N CM a) O (\l OOOtu un cj CO 

cocddcMCMT^WcMCMcdcdcd-M-cdcdcdcMCM 


£J^£ SJ ’~ c ° T *< r >r'~^3 

- *'■ * N- CO 05 


I CM T- 05 05 M I 
SOlflCOri 

in co s co © i 


> CO CM CM CO 

18888 


Soi,^ 


'“ 00 T- co 

^c^r^ph-^^^So 5 cd?dc ? 5 cM!_ _ 

d o o ^ T-' d cm cm cd cm cm cvi cvi cvi cm r-’ -r-’ t-' -r-' 


i wins 3 

' CM r- d) 

3 cm co in 

> in cm o8 K 

' cvi c\j cm t- t- ■»— 



nOCOCOCOWCMWWWWCMCMNCMCMWMCMCMCM^^rri-^^rT-T-ri-i-ri-OOOOOOOOOOOOOOOTV 


CMi-°T C V ( ? t ?^To-CMnMU5©S»052^^2o)fflSCDlOTfCOCMT-oV C ) l 99 C ) , Vo-CMnMlOCDNOO)2^^2 


88888888888888888888888888888888888888888888888888888 


:pJSRSie!8|:j5|58588S88te888 588S88688§5§88886882^S5SS?fcg?§5a 


169 



CO'r-i-OpmT“L/ 5 NCOCO f ^COCO'£_ f . 

§^wcQ 8 Scgo 3 coc\jg^ogi-g 

OOOOOOOOOOqOOOq 


LV ^ N m-¥- l ^ r\i 1 ^ W 

T-B)o 9 SSi-rO)W 

999 o 9 ? 9 d 99 


£8SS|§S«||§^|f:8§i58g^|a| 

||? 8 ^ 9 gSi^l 8 |Sfc 58 lS? 2 !§! 

-no I^OOOOO-^O — — O— rOOO^i 


g!££dcgcM<Mco 


o o o o o 


CO LQ [> 1 

.§8^85SnqSgwng^|; 


fe| 8 o®Ri^ 58 S«| 85 fc° 3 ^ffiS 5 SgSSQ®| 
98 £ 9 g°g 8 sS 89 So 9 -°Sg 9582 &p §58 


o o o o o o 


ooooooooo 


o o o 
odd 


y- CO in I 

t n n ^ 


trtNOcO-<t 

IDlDCVl^i-cgN-® 

55 r-^CMr^P^(D^ 

ooo'r-pqoo 

dddddddo 


CO CO -St LD 

co i- r- co cd c\j 

o> O T- in CD CO 

T- 6 rt CO CM CM 


oo8S OT "°”” wcg ^ 

dddd 99999999 


OO^^^^COCOCJN-fg 

ggg^ ?8o3|§i 

gp^ 8258 og^: 


oKji^ioofeccp 

c^rmioN^cNjO) 

K oS^PS® 


N^sKSsetSs 


O O O O O O CO 


O T- CM O 

dodo 1 


CD Tt CD 04 OJ CO O) 
® 5 ? Co O S ® 

^oiosgog 

oi c\i cvi cvi csj osi oi 


(O © ^ N CM CO CM 

NNNi-COCDNCO 

©oSisssoi 


T- CM t- 1- CM 


» 8 is S 8 3 8 fe 8 8 SI 3 !d 8 2 ! 8 8 3 

rtOQCMCDlfiNlQNWOlOCOCMNOOrt 

S QftCDCM^COCOlOCDT-OCMNT-^CMJ 
00404 , » — OJCMOJ-i— CNJCO 1 * - CvJCVJOJr^Cvjo 
dc\idoio4ojo4oidoioic\ic\iojc\icsiojc\i 


1 ffi CO N 


Si-sacoiQSfcocOMacoN^ co 

§ 0N©rt(P5N^T-^r-©iOCMC2 
OO®T-5fl)CMC0r CMOOOOrt 
oJ^oi-r-'oi^^r-'oj-^-'oJojdT^^ojoJ 


eg c\i £ cp 
oi id eg co 


LD CD 8 £3 l 

S^SSg: 

CMCM^-Ogi 

9 9 9 9 d 


t- O 05 CM h- CD CM 

co o in in in © co 

eg 'M - cd in © cm o 


co cm i- in o 
oj 8 £ 5 g 


ocMi-cMmcDCDincDinin^ncM^ 

00099000000000^ 


05 co cm ^ K ' 


in o n co o 
^ co co eg co 


r V n o ' 


CO l^lO^-^CO^tiniDCO 

- 1 1 * 1 1 8 o 3 8 8 <» S 

cococboN^oi^ocoegoeo 

t-t-CMCO'M-NCOCO’M-^CMCMO 


^999^9999999999^^99999999999999, 


2 i-ro^^$i-flOOifiN 

3 a 285 ;l 283$3 

^ w cpiocpcocoogifiojT- 

OOOi-CMCMCMCMi- 


© © CO © ’M N 

rt <d o co s in 1 

CM O N N K in 

g|§”^ : 


cp *- co ^ id <o id i- &£^^S2S2>''-T?3i£SP 

©^’?NN^©^P’-cp©CMT-COCDCM’-CDrt©T-35CMN 

©CDCD^©CMNOWCM5^©00Qn5gCMWWt-O'M-j- i S 

o©©^SS®NNNNfflfflcqcq 5 © 8 qoqS^ 5 c^© 


CO O CO 

snj^ 

CO CO © 


oooooooooooooooo 


CQ Oi 1- T- 05 ID CD 5 CM r-r-CM 

8 3 5 ?! fc 8 1 8 8 5 8 8 

egcgin^'T-cgo$g 5 ^ego 5 05 05 
OOflO©COCO©rocc 5 ©©NNN 
^^r-'ddddddododoo 


; t 8 1 1 5 ° g - ^ 8 1 8 ° § 


£ 1 3 


cp CO CO CM CM h- y- i - 05 

OincO©CM^©K©CDO(OD 

CMQpQ^OinCM®Nt 5 ® 

COlDCMCD^-r^gCOg^LD’g-CM 


dddpddpoddd^Q^QQQOQOOOopooooooooooQQQQQQQQQQQQQQoooQo 


co co co CM 
^ CO N ^ 


CD 05 ^ h- CO 
CO N g' © CD CM 
© O 5 o) N m 
CM N CO 05 IQ Q 

eg cm cm co co ^ 


r^co-i-i--»-co<r-CQ 

cocg^tcpcpr^r^eo 

r^.LDCD<D$^cor-- 


8 E 58 S 55 S 8 §§ 3 ^ 888 ^^®£SS 85 l 5 |fe§i 2 sg||| 8 | 8 || 58 Sfc|fe 8 ^|g^ 2 fegg 

wsScoinwKjcM<ocMinw^in^winT-g|CMO^^coco^co^r^o)©CM©r;qcoco^coin , tco^r-wcMqcMcoininNa> 

degegegegegegdevicgegcMegdcgcgcMegdeviddcgdcMegcMcMeg^^eg^degegegcgegcgcsjcMCMCMcMegcMCMCMcgcMCMCM 


co eg eg i- to *— CD 

i-ONON©©CD 


882 Eo 88888 S 888 ^fSooS 8 

N«Oi-ininN©N(ocM©cM^coNinin 

CMNN©(M©NinOQT-^T-T-i-C0inQ 

cocoM-coin^co^^cocMOcMnininNco 


N. CD CO CO 
S N ID 05 


© N CM CO N 


||gS§ 8 ^|g g o 5 ^ sg §® 8 ®o S § 5 !fpgcv.S 8 sg 8 ^ 8 ^ 88 £ 5 b 58888 


CO CO 3) m 

RSIRffl®; 


CO h- ID T- 

§ CO 8 8 05 


9 fc 8 B 5 i 8 ! 


inCMNCO©^-©Sj' 

Kc\iSi53o5^p5: 

egSS^iDco^S' 


<r- i— T-T-f-t-i—OO 


i-i-^^OOOOOOO 


oooooooooooooooooooooo 


T _^^ < ^cMCMCMCMegcMCMCMCMCMcgcgcgcococococococoepcococococpcoco^^it^^^^'g-'f ,: f 



O JZ LD 

.. t ° t 

Q O ^ p ^ 


U J 

s 


5 

d 



$ 

> 


jis$8§§§£is885 


! $ 3 £ § § *, § $ ° 8 
sfebnsStisa 


2S«? 


_ :§8gg^8|^§|li§|||8S 

<?9999d99d9ddd99999d999dd99d999ddd99 


S S S! co „ 
8f5£88 

o o o i- 


o o o o 


> 

d 


&8a88gfeg8RL«w*« ^ s ,_ 

oooopdo999999999999999dddddddd5dddl 


; CO t— CO 10 CNj 

■§55 


P; £ ; 
8 3 : 


! f2 S <8 ^ o ] 

i co d o> cm J2 


is?; 


S CO 00 CD T— to (D 

iS i- co O) a5 i- i 
1— io ■*— -1— CD 0 J CT> ' 


CO ^ i— 05 

$8238 

CM CO CM CM CM 

cvi cvi c\i cvi c\i 


H 


05 CO 
lO 05 < 
05 Tt i 


, "C s COW^i-N CO 
lO0p^-'»-Q<OC\JC0lOO5 

. . w 

SflqffldqKssqoooi-oaiNtDoo 

^T-^csj^T^^i-cvioJosiojoji-' 


!£S: 


I 05 IQ ^ » CNJ < 

COLOCOO-r- 
N- CM N- r^ 


CM 2- 40 05 lO 

D N t- lO t- N 

St 

<5 05 N 


8S.IS8 


^ 05 
W irj £0 


T— T- ■»- T— t— r-t— T-T-’r-'T—T— CMt--*— 1— 


IM t- r- m 

s§igl 

O O •*— CM CM 

o o d 6 d 


c 

03 

<1) 


§t|838s 

cQtoggScjm 



^lOiO^-^cm5Sco2Q^ 


_ 2 

o s § - - i i 


§ 999ddddddd?????d????d?ddddd?9?9?ddd 


(D N CJ - _ 

^ § 05 S CO 5 
oiSSw-K 


£t n8n 
dddod 


T3 

C/> 

> 


p s> _CMOQ^-cog>05Lococococvjf*'d-^-o) 
CT50^C\J^CO : “COIO' , -IONCOCMCO'M-O510 
’ - iO<oN(DCpQQ , i-(J)(pO(OOCMu>(D(D 
gCMCNJgCMrtcO^LOggg^^' -- ^ 




s w i- in < 

O O ”1- 1- ■ 


CO ^ 

CM 


N- ^ 05 p 


CM P S 8 
t— O ■>— 05 

S N (D CO 
. O 05 05 

T-T-T-V-T-T-T-^T-V-T^rOcS 


lO CO O N g I 


CD N 05 Tt 
K ^ N CM 

8S8? 



CO 05 CM CD h* 

rs. co co co 

CM CM CM CM CM 


05 CO -r— CO CD 

d i s 5 I 
ooSfjSi 
dodod 


Y t t t 


io in in in in 

8 8 8 8 8 




if) 

0 

I— 

0 

V- 

o 

CL 

X 

LU 


0 

-*—• 

0 

"O 

13 

0 

if) 

if) 

0 

O 

o 


if) 
-♦— » 

° 2 
o ^ 

® +S 

* c 

3 


o 

0 


c 

0 

LL 

o 

< 

0 

0 

0 

X 


0 
0 
_c 
if) 

"D 
0 
0 

L. . . 

Q_ if) 

if) o) 

0 +3 

id 

0 0 
Q CO 


c 

0 

a) 

> 


"O 

w 

D 


c 

0 

0 


CO 

O 

Q_ 

N 


CO 

O 

CL 

> 


CO 

o 

0 _ 

X 


2 

3 

cr 


05 

m n o 




! S S> fc ^ fc 8 S h: . 


CM a J 


~ ^ ^ ^ & h* lO 


CM OJ ^ io 


ooo 99999 ? 9999 dd 9999999999999 doo 9 o 99 


05 CO 05 i 
n s n ■ 


05 -M; N 
CD CO r- 




k JP^^^CO ^-COpCOTj-T-Tj-^COCMCMCD 00 ^ 

'-OOT-0)NQO)ON^r-ffl^in(OCOOSOoCMlOOQM'inin(DS 
p0DiDCD i na>^CDr^C0CDinO5LQ'M-’M-T+h»lDCMCD^f : O5^C\J^r^FCM 
„ . , . - _f^^^r^FpN><piD'<tcoNr^cDLHt-^^cocoTtcM^KjcoKJ^5^t 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMC\iCMCMCMCMC\iCMCMCMCMCMPjCMCMCMCMCMCMCMCMCM 



W CO CD rt 
CM CO 05 ® 

lias 

^ 1- CO 


>r-i-i-000000 



CM CM CM CM CM CM -r- 


NNNNSNNNNNSKSNS0(O(D0(D(D(O(OCO(D(D(OCO(OCOininininin 


ocoNcon^rtw^-oT^^^^To' 


o y- 1 - O 

WCOM-in(ONCOO)i-i-i-T-05CON 


nnininnininninininintninninininninninininninininninininininin 

&&&&Sj&&S5S52j£S2j£££2jSS?S^S < ^®<^o>dpdg505 <i>050505 

COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOWCOCOCOCOCOCOCOCOOOCOCOCOCOCOCOCOCO 




171 



0 ) 0005 Q^tDNN.O)C\JQO®O m NOJ 2 (JiUnC\lSgCM^^r' 0 ) l ng 

C 5 ®N<D 5 ^^CQn 0 :iCO S ( NQ N ^ Wf 0 ^^® Tj ’^^ N A’-^ T- ^S 


^JgfS! 


5 ;?^io§SSSroSwto^ 5 ”Eo^ 

8 B 688 a 885 “« 88 S 5 *£ 8 ga 8 :Ua 5 :S£ 8 £; 58 §§§pSSfcfcS§§ 3 sll 3 Ss$s 3 

d 6 d 66 ?oo?oooooo?oo 9 doooooo?oo?o?od? 66 ddddo 9999999 ?o?V 



p g p 
o o o o ^ 


CO ® l^r ft] ^5 ^ 

m CD ifi o op ffi 
®Pu,^§o| 


O 2 1 — 


»8sS| M 


05 

§8 


o o o o o o 


00000090 


05 N CD , 0 _ OO 
<§ K CM g> g in 

§Sgjqgfe 


<0 co o> 00 to 
h- <P r - b: “ 



0000000 



co co 


00000 


00000000000000 


!§$§ 8 £ 3 F :?8 
JP§ggRiSS 55 

o9999999999?9ododdoo 


cm in co 
o s in 1 
cm co cm 05 
co in cm 
1 -NffiS 

CMCM-^-CMCMCMCMt-t— ■ 





S COTtlD'i-h-CO^-COUJ 
N^W’-NOIOjcScO 

8 ! 


I 05 CO O 1- Tj- 
' (0 N N S S 


tt) Mn l 

cosnno)nconnnnn 55 ( 0 (ON' 


N (O N N CM (D 
•*t 1 - S O t- CM 

, 8 K £ S 



Tt 1- CM 00 CM CO T- 
wcpN-tigjcvrcoh- 


^ 0 ce 88 « 8£8 

^X 2 <£>oocmt-K<o 

w _ _ 

o 9 ?? 99 dddo 9999 ? 999999999 ?dd 9 d 99 


* S 2 8 « so 
83 £' 

CM CM O , 


Mn S CM N co (3 _ ~ h- IT LO 

§w 332 §),-Ojg 5 ^CO°C> c M'»- 


CO CO O) 00 CM ▼“ 
in 00 CM O) CM ^ 
1^ cm to in ▼- t- 
® cm ^ 01 in 


W 05 CD CO (30 CD in N 00 05 CO © S 
ttopi-S^njO^iO^NCMOOCOw 
a^SCOin 05 05 nMO’-CONCOC\Jin 
®Moinc\jc\jni-Nwinocoin“ 

T"“ l - T“ O O T— Y~ T“ O T - T— T— 


!8 


N(McomMno 5 i- 
05 C 0 CML 0 CM-*—CM(P 
inTf^%coincMmtncM 
rt^^tncMCMO^cncM 


. ^ co in cm u_ 

■ O O T- r- r- T“ 


CO y— y- 05 CO 05 

- CM 00 CO *- 05 o 

1 in r- CM CO 1- 05 

1 00 m co o cm 

I O T- v- v- y- O 


NWNOJCONCOCOCOCDCONNin-- 

0 coc\ico( 3 )Koj( 5 ^NvQKnjN 

n 3 ^ 8 cm 83 co? 5 S 

CMCOCMCMCOCM-i-’-QQt- 




u t- co o 0 in i-, 

COCMCMCM^OOg 


. 05 CM K CM 05 05 N 05 00 ^ 05 ^ CO 1 

w N Si SI ® S S S 8 S 8 1 5= 8 i 8 8 ; 


05 h» 

CO CO ^ 

__ _ o> in 

k o r-~ 

CM cm —■ O 


60999699990099999990990^^099999999^ 


h» CO in CD CO CM 

sa -■ ‘ ■■“ 


i<OQO)rti-MnS.. . 

icBoNcooincocoNCM 


m N N OJ l 
M- K ^ CO ' 
in S CM M I 


CO M(DOO(n( 35 COSO) 0 O)NCMT-O)O 5 i 

O ^^I^CMraCMCOh-COCOpOh-CD^N; 

S 05 M- 1 ‘ ~ 

CM T- <!-' 

O 05 CD 05 I 


V 1 ^ W W W 1 ^ W W UJ |N ly v |N V >SJ 

^tOO)nLncM®M(B(DMnnncM 

^fini?)in^inNO«cMOJOi-o)i- 


CO 05 CM N 1 

M CO O CD i 

N PJ ^ . 

0005-*— O5C0inCOO50p 


WNWN<vi^iWNNrtNNNCMCOMCnCMCMC\iCMCMCM'(MOiCMCMNCOCMrtWcdcnCMWlM^iWCMNC\i(MNNWCMC\iCMCMCMCMCM 


18 ^ K 5 ( 3 ) 

o! <8 3 8 8 co 


N CO N in h- CM 
cvi cvi cvi CM CM CM CM 


op in 05 i 

<9F co co Tf cm ^ 1 

■ cd cm to cm co • 

CD CO 05 r- Tt 'M' 05 I 


se £ 

"T 05 

cd m . . 

CM CM N , , _ 

CMO)rtr--'r-cd^tcD^^'r-r^co 
T^d^^CMCMCMCMcdcdcdCMCM’CM 


(ONNN^C\|NO5(D(NS{OinC0<D'-C0(OSN 5 CM CD CD 05 OJ LO t- 
Ni-cpT-cpcMCM 05 CMmo)®CMOinM-SN<oninrtflom^Nr- 20 Q 
cD^$M-fM:win^oocnNg 5 N^^cM^cMNN(d 5 )Qinq)pc 2^(5 
co^rosoonoinwoinwi-WNT-CNTrbOwirt^oiM-NnNw 
N(OScocMinm^cncooooT-flO(OTj-coMcoo^N 05 i-r-cj) 05 inoN 
^i-'dd^Wi-'CMCMCMCMCdcdCMCMCMT^T-^CMCMCMCMCdcdCMCMCMCM^ 


mmmmmmmmmm'M-'M-^Tr^^Tt^TtTt'M-^TtTt’M-cocococococococococococococococMCMCMCMCMCMCMCMCMCMCMCMCM 


CD in Tj- CO CM 


CM CO CO CM ■ 


o <1- 1- o 

CMCOMin(ONCOC35T-'i-T-r-05CON(OinMCO(M»“0 


CM CO CO CM 


O'^CMcO'M-tncDr-.cocn 


in 

in 

in 

in 

in 

m 

m 

in 

m 

m 

in 

in 

in 

in 

in 

in 

LO 

in 

in 

in 

in 

in 

in 

m 

m 

in 

LO 

LO 

in 

m 

m 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

io 

in 

m 

in 

m 

m 

in 

m 

05 

CO 

05 

co 

05 

CO 

05 

CO 

05 

co 

8 

05 

co 

05 

CO 

05 

CO 

05 

co 

05 

co 

05 

co 

05 

co 

05 

co 

05 

CO 

8 

05 

CO 

05 

CO 

ffi 

CO 

S 

CO 

8 

8 

05 

co 

05 

co 

& 

CO 

05 

co 

05 

CO 

8 

8 

05 

co 

05 

CO 

05 

CO 

05 

CO 

8 

8 

8 

05 

co 

05 

co 

05 

CO 

05 

CO 

05 

CO 

8 

05 

co 

8 

05 

co 

05 

CO 

o> 

CO 

o> 

co 

05 

CO 

05 

CO 

05 

CO 

05 

CO 

05 

CO 


8 {o 88 Ss 3 S? 3 !?$! S 33858 ! 8 S ! 8 $! o 8 S > 85 S 83 ! 885 o 88 f ^ KKKS (=. 


OJO^CMcoM-inco 


fc 888 sS 83 i 38 S 58 


172 


li' 



Jo ^ 

8 $ p « 


S 8 S 8 .. 



S cp §> 5 8 8 

Ji§ESi 881 


!c\jSSoo§^cotooS 

jwffliONriQQSnr 


9odd999999999999d99999999999999dd99999999999999999o99 


fe C 0 O) 
; <p cm 


O) 


nu § 


2?S fc 


Spgg8gg^fe8g8SS 



o o o o o 


SS5§2Soo r 


o o 


o o o 


^o^gjSgjcS- 

^ ^ o ^ K 05 

8 9 o 9 - 
9d99o9o99 


CM 


Sg; 



o o o o o o 


LOr^T-tOtD CO CO LO 1C 00 

NKgNCvjT-cQ^rjnio 

Qcvjcb^oiog5(DC3)c5(0 
w^<o<oooc\jcoincoco5 
cmcm - * - cmcmcmcmcoooo 
dddddddddod 


COTj-Tf CNJ LO 10 0) f 10 _ 

T-inT-cNicotnrtcvji-ip^^^cj^® 

ddpddddodd 


o o o 


o o 


O)^O)tC0t^?JW co <p ■»— 

coQt-incoin^cOT-pco^Q' 

tnoicgojNincDcvjo^Fcoco^i 


C\J *- ■ 


CM • 


!§assi*25 


CM N _ 

CM CO CM -r- CM 



ddddodddddddddddd999999999 


CO CM CO CD T- CM CD I 

COi-fNnCONT-i 

^inaSco^-r^opcoi 

iNMT-t^-C\JO«Oi 

COMOlOflONNM 


OJ 5 « CO <Ji V- y- 

'COMmMOQnioo) 1 

• r^copcccMmincM'- 

pU^O^CNjLOCMQO' 

nnnnnnoSn 


S cM^pco^-Tj-cgf^ 
^tCO'JcO'M-CMOOa) 

sSnco 


m 

N N CO < 


CM CO y- CM 

■ ^8^8“ 
CD (5 05 CO '* '* 
h» N- n N* 


CO CD S <* CD CO I 
CO h- O) CO CO CO < 


CM fflf r 


S CO c. 

N M ffl i 


l§SfejgSh-Sco^j 

^S8S58l8S 



ass.® 


oooooooooooooo 


JgKES 

I O ® Q 1- CJ 
: ^ P O T- 


§88S*8lS8[ : -- 

CO CM CM CM CO CM r- 


9o999999o999ddd999999999999 


in o> 

8 3 

y- y- y- ft CO 

o o> oi di O) 

T-ddddd^T^T^^i^r^T-'^^T-' 



t- (ococomcoaMio i-co co ■m - in ^ cm co 

3Sf2^8^3S8alo^S^g5lS88{is 


G) 00 CO 

oodoo 



dd99999999999999ddo9999999999999999999999999oddodddd9 


woNwnaDsoi 

-“8»?iog38^ 

to k ' 


K CftNincP'i-’CMCOCpOO ^ y- CO ^ CO CO CO TtlON-lO 

w^t6«iSS18S8S!oPS3Ri88?p!^SS§8isfg^I|gS5§ISic^3i^lF:ip?SgSu,», 

cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmn 


8ss- 

• |j)S® 



S CM p T- T- CD in _ 
a> ao co co a> 55 r- 


cp co t- cm in i- 
n (O S § cm S 


T-T-f-CMCMCMCMCMCMCM 


CD M ffi t ® ® ^ 

N OJ S) lO in w M 

^ co co (O in oo cm ( 

cm ’f- a on in cm a> i 

^CMCMCM^^T-'r-'o 


\9 3 s cm 5 8 8 I * S 8 . 

NCOCOOOO>$CMO)NWM 


I CT> 

_ I LO 

cbCDCda^CMCftNCMNCO 
iflOCMnSinnSCOfflCMCDCM 
tMMr-T-MNCOSOCJOlO 


? N in CM CD 
CM p O ■ 

N 3: Q ( ~ 


OOOOOOOOOt—t— t— t-t— r-' 


OOOOt— T— T-T— 


^-^-i-^-r-i-i-T-t-i-'i-i-OOOOOOOOOOOOOOO’ 


CM CM CM CM CM CM 


O T- o 

■» y~ y~~ Oi CO h** CO LO Tf CO CM y — O 


O'l-CMOM-inQSQOOi'^i-i-T-OCONCOinM-COCM' 


CM CO CO CM T- 


^^^^^^■^^^^^^tpwinininininuDininininininininininininininininininu^inininininininininininininin 
^^^^^^poi^pdgjddddgiddddddddddddgiddddddciJddddddddoiddddi - ' - ’ - * 
ftconwncDOTcowcococDconcocDconncocDconnncDnnnrton««nconnr“““““ 


CO CO CO CO CO CO i 


CO CO CO CO CO 


888 


a8588a88688i§§§|88|88s?2S$S2p2SSS»Sa»afeSSS»8gs**fesgl5 


173 



ojfld^N!'cnCT)®Sr!I , -o^^ 1 "^oSu ) 3 Ln 4t^3 r) 

05 CMgDr-fcinw™&£;rco T 7 ^ 050 ®o 5 £ I -Pin 3 4 ^-opg 5 




oooo 


o o o o 


o o o o o 


699 


£> 05 3 CM ' 

h- r\i ^ i— - 
0^0^ 


nin^N^wS 
” i- r- m co t- S 

8§8§9S° 

9 6 6 d 6 6 9 


8&ST 


Tf W ^ 8 ’’“ 
h* lO *- JK '*- 

0>IQ0/y0)n©O2jo^ 

S8Ss8§So8§8 

r5 ri o P ri P 


N P) i 

! o N cn cn 1 
to O W r 


tU t± fv. 

r- in co S — 

-ssasajg 

-j v— i?) v S O iO n ri -- 
OOOpQ'r-pH^o 


Sts?: 


j?d6oddddo so99o 



in co co 
I s * in ’ r_ I s " 

§§§s 

o z- o o 

6 6 9 6 6 


CM CM 05 CD lg 05 
CVJ O 5 3 §5 i- 

S22&3 * 


9»tS 

in tn t m 



5! S3 P t 8 35 

— - £} CO 


co in __ os uj -o i'* 
rtiw^soiSw 

Jog^rr OrWgOOJ 


o o o o o , 


? 

c ’ 8 §»fclS5 

siggili 


O 05 O 


o o 


N^tcvjcoh-cginoj^tcvjo) 

ifiwinoi-WQicoNW 
OCOSN^OQCOgStD 
N(O<0fl0fl0N®N0QO)® 

W 1 - ^ l- 1 ^ 'd 'T-* T-' T-’ ’r-’ -r- fvj CM cm 



8 9 _ 

CM CM h- 


gDguK-^-ptnig^inc^ 

<8 ^ B S < 


cocnp^incncocgco u 
° § : 


:S. 


ai to aj to i- ^ 
CO 05 o o o 


o6ns(M(o©boi 

T-ngow^-an 

SWOO)^ WOr- 


CMCMCMCMCMCMCMCMCM - *— r-CMCM^CMCMCMCM 


CM , 
in ! 


o o 


5 Si ^ ^ S 

CM-lS^rnTt^Or- 

"66996?? 


h* tj- 

Eo S 5 ^ t 

o 


^ p ^ 2 S to y 
£ £ 3 Q - ^ 


__§S18 
6 6 6 9 6 9 6 



h» Tf CM 05 CM CM fn 

<no t-p-i-'PcoconS 

COpCOCOTftDNW^tp^^L,. 
CMCMCM^^i-CMCOi-Pggg 
oodo d 6009990 • ■ ■ 


n g in s t- in 

lO 05 CM CM W 05 

N ^ 05 N S O) § 

‘ §2838 

poooodooo 


r- CM 05 CM CM 

= *liBSS 


h- 
05 i 


h- CD 

SCft&fi^i^tSWWCOsSiNCOO)', 

8f^8ropo5coco8oo888o58h-2888^^o53b505<iop6s 

ddddoddddddddd^i-^r-Vddddoodddddddddodo 


scvjgi-^ 

1 O 05 05 05 05 


co rt in ^ 05 cm ■*— cj m; in cm 
grt( 0 NNr-c\i^oc 7 )inrtcci<M 05 
IS^cMwgflocog^ujOjgigN 
c\jngco® 5 siOT-ffio 2 ®Q 
®O)®O)fflfl)O)O)wO)C0NC 


. co sgffir- 

^ 05 N ^ 05 6 g> 


x . S2|j:tl8s8girK85^g88fe$2S 

^w^Sww^cootntnwttcgffi^co^iNcort 
r-fflnS^SlfiCMr- K. If\ M Z in lA K. K. K. ffl k in 
O v -C'^^'^ v ^'-C w C0000- T-O 00^- 

69999999d6dd999dd66d6d6666o6666oo6o 


Kcooinmgj^cvjcg — . 

'cyi-Ninto^wKNNSWSioio^wggqOgg 


ooS:f:9sSS;^ 


co cgcMincococDCDr^ 

0)U5(0fl0C0'i-QO05©ffli 

,- ^ ,- $ T ~QOO l Q^C)COi. 

S COr-niniJ5N(OiSNi-SN 
« 5 <ONfflCMM-lO^M-i-C 5 jn' 


CMCMCMCMCVJCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCMCMCMCOCOCOCncncncn 



^tCDCMCMCnCM^jS 


s in cm 

CM O 05 05 05 Or- 




3 fe a 9 8 § 5 r JN :: 3 ° 

~ - o ~ o ■ 


O 1 - o o o 


. _ CM R I N 

flOCOSiONtDCO^ 

oooooddd66dd99 


CM CO 05 in <0 

in eg eg eg r ^ 

a: 


h- 05 1 - CM CO i 
’■t CO N O 6 i 


<0 CM K N Q in CM I 

6 p eg eg K iy 05 ] 


cn in in in 


OPOOOOOOOOOOO 


CM Q CM ^ 


CMCMCMCMCMCMCMCMCMCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO'^^^^^^^^^^^^ ,, t , M"'M‘ 


o ■* — ■’ — o 

co^m(DNcoo)^-i-’»-^a)©N©inM'COW 


o V99 9 9 V o^<Mco«M-incoh>-coo5- 


in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

in 

m 

m 

in 

6 

in 

in 

m 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

in 

05 

6 

6 

6 

05 

05 

6 

05 

05 

05 

O) 

g> 

05' 

05 

05 

05 

05 

6 

05 

05 

05 

6 

6 

05 

05 

d 

05 

d 

d 

05 

05 

d 

d 

05 

05 

05 

6 

d 

d 

co 

co 

co 

CO 

CO 

co 

CO 

CO 

CO 

co 

co 

co 

CO 

co 

CO 

co 

co 

co 

co 

CO 

co 

co 

co 

CO 

CO 

co 

co 

co 

co 

co 

co 

co 

co 

CO 

CO 

co 

co 

co 

CO 


™g3$$S3S8£88388fe888sSjSSiS8fe88g?:2£££?ekf5£g 


174 


I! 


5 

6 


$ 

> 


> 

d 


"8 

5 


c 

CO 

0) 


“D 

W 

> 


c 

03 

Q) 


Data Spread Sheet File for Interior of Explorer Test. 
Settings: Heater/AC Fan run at 14 volts, processed data 
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